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ABSTRACT 

CONTACT  LENSES:  AN  EVALUATION  STUDY 


OBJECT 

A comparative  study  of  four  type*  of  contact  l«n*«*  and  spectacle* 
to  determine  the  relative  merit  of  each,  and  thence  to  ascertain  the 
feasibility  of  using  them  for  selected  member*  of  the  Arnica  Force*. 

RESULTS  AND  CONCLUSIONS 

A number  of  laboratory  and  (ield  itudici  mere  conducted  and  test* 
mere  made  to  differentiate  between  the  contact  ten*  design*  studied, 
and  between  these  lenses  and  spectacles. 

The  four  contact  lena  types  studied  were: 

1.  A p astir  fluid  corneal -scleral  design. 

2.  A plastic  corneal  design. 

3.  A plastic  ventilated  fluidles*  corneal-scleral  design. 

4.  A glass  ventilated  flu  dies*  corneal-scleral  design. 

The  study  revealed  that  contact  lenses  hav«  certain  advantages 
in  general  military  field  activities  but  are  not  particularly  superior 
in  perfotmance  to  spectacles  when  used  for  routine  and  clerical  work. 
Contact  lenses  would  be  especially  advantageous  for  ulc  in  inclement 
weather,  Arctic  duty,  swimming,  and  violent  activity.  Corneal 
clouding  is  no  longer  a problem  with  the  newer  designs. 
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R ECOMMENDA  TiONf 

A.  Study  should  be  encouraged  to  improve  tfca  fitting  technique  and 
thereby  simplify  it  and  roouce  tho  turn  required. 

B.  A technique  tor  hardening  or  costing  plastic  with  silicon  or  like 
mbauuca  to  tluniuk  tho  awes  salty  for  wetting  agents  would  bo  of 
tremendous  value  and  studies  tloag  these  lino*  ahould  bo  encouraged. 

C.  The  number  of  individuals  akilled  in  the  technique  of  fitting  tho 
navtf  type*  of  contact  Lcnaca  la  extremely  limited,  and  if  the  Army 
accepts  (hem.  a Iirniisd  aiw*>ber  of  long  term  personnel  should  bo 
schooled  to  do  the  fitting  a.  Should  the  d^'-vxnd  increase , these  trained 
individuals  could  serve  ss  s nucleus  for  the  training  of  additional  fitters. 

I).  Contact  lenses  can  be  recommended  for: 

1.  r*.  . cuuial  who  are  extremely  valuable  to  the  Armrd  Forces 
because  of  the i,  dull,  training,  sod  experience  and  whoso  visual  acuity, 
with  the  usual  * *ual  aids,  ia  not  adequate  to  meet  the  requirements 
but  may  he  with  contac*  lenses.  Such  eye  conditions  as  high  myopia, 
high  aatigmatis!  »,  irregular  astigmatism,  corneal  leukomata,  kerato* 
conua,  aphakia,  ;tc . , are  frequently  adequately  corrected  with  contact 
lenses. 


2.  Another  group  who  might  be  retained  or  made  available  on 
the  basis  of  ads<|iatc  correction  with  contact  lenses  but  are  otherwise 
lost  to  tht  serv.  :<s  are  those  with  injuries  to  die  face  and  lids  that 
result  in  lagophtt  almas,  ectropion,  cotnesl  exposure,  etc. 
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CONTACT  LENSES  AN  EVALUATION  STUDY 
i.  INTRODUCTION 

The  tt  ipr^ciwu  to  make  t cumptrtUvc  study  ol  four 

types  of  contact  .sores  sad  iptcUUis  to  determine  th*  relative  merit 
of  each  and  the  ace  to  ascertain  the  feasibility  of  using  them  for  selected 
members  ai  th*  Armed  Forces. 

The  potential  advantages  of  contact  lenses  to  military  personnel 
would  appear  to  be  numerous  if  such  Lenses  proved  practical.  Tht 
possible  ubhu'ioo  by  the  Armed  Forces  of  large  numbers  of  men 
previously  disqualified  or  one  limited  duty  statue  served  ae  one  reaeon 
for  undertaking  this  study.  Furthermore,  men  who  ordinarily  wear 
spectacles  could  perform  better  in  inclement  weather,  and  participate 
in  fi'  id  duties  previously  considered  unpractical.  The  danger  of  loet, 
broken,  or  fogged  epectaclee  might  be  eliminated.  Light  reflections 
from  spectacles,  which  msv  reveal  positions  to  the  enemy,  could  he 
eradicated.  The  problem  of  using  spectacles  with  Sighting  equipment 
as  well  as  the  use  of  inserts  in  gas  masks  might  well  be  simplified. 
Contact  lenses  themselves  offer  numerous  advantages  in  increasing 
the  visual  field,  elimination  of  corneal  astigmatism,  etc. 

Among  die  disadvantages  to  be  considered  would  be  the  expense, 
fitting  end  adaptation  tunc,  the  development  of  corneal  base  and  the 
resultant  subjective  fogging  of  vision  and  chromatic  halo,  variable 
tolerance  end  photophobia,  ocular  irritation  etc  However,  in  view 
of  recent  advances  in  design  snd  manufacture,  the  potentialities  of 
contact  lenses  have  deemed  a study  such  as  this  dvisable. 

II.  EXPERIMENTAL  PROCEDURE 

The  problem  has  been  approached  from  two  aspects.  First,  one 
contact  iens  type  was  evaluated  against  ar  -*hcr;  and  second,  contact 
lenses  were  compared  in  performance  with  spectacles.  Four  types 
of  contaci  lenses  were  selected  lor  tins  study. 

The  lenses  and  spectacles  were  fitted  to  ten  selected  enlisted  men 
who  were  subjected  to  a series  of  tests,  both  in  the  laboratory  and  in 
the  field. 


The  laboratory  teats  included  subjective  and  objective  measure- 
ment! of  halo  brightness  and  ’ime,  i orncal  turbidity,  entoptic  fields 


color  vuioD,  vliiul  acuity  and  tolerance  to  light  at  Jilts rent  lr  vels 
of  tar  gat  tod  surround  illumination,  depth  perception,  binocular  vision 
tad  fusion  lasts,  dark  adaptation,  and  clinical  appearance  of  the  eye. 

Attempts  *~7'  made  to  duplicate  moat  of  the  poaaible  situation! 
that  a military  man  might  encounter  m routine  life  and  on  the  field  of 
battle.  Included  in  these  were  kitchen  police,  guard  duty,  artillery 
and  email  weapon*  firing,  tankdriving,  parachute  jumping,  swimming, 
etc.  The  leases  were  tested  under  climatic  extremes  in  the  hot  end 
cold  rooms  of  the  laboratory,  ud  at  simulated  high  altitudes  In  the  ic  s 
pressure,  chambers  et  the  Wright -Patter eon  Air  Force  Base. 

A.  Subjects 

Ten  enlisted  volunteer  soldiers  were  selected  to  serve  as  sub- 
jects. They  were  chosen  primarily  tor  their  diversified  refractive 
errors,  secondary  considerations  being  intelligence  end  personality. 
Table  1 shows  the  age,  visual  acuity,  and  cycloplegic  refractions  of 
the  subjects.  Each  subject  was  fitted  with  spectacles  and  the  four 
types  of  contact  lenses. 

B.  lenses 
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The  selection  of  the  particular  contact  lenses  to  be  studied  was 
difficult.  For  obvious  reasons,  it  was  impossible  to  study  the  hundreds 
of  variations  of  lenses  for  which  patents  are  held.  An  attempt  was 
mode  to  select  lenses  that  represent  various  principles  of  design  and 
fittirg.  The  wnrk  of  Smelser  (1)  and  Finkeletein  (2)  served  as  a valu- 
able guide. 

I.  The  conventional  fluid  type  plastic  lens  was  chosen  as  one 
lens  to  be  studied  since  it  represents  one  of  the  pioneers  in  the  field 
end  most  of  the  e ape ri mental  work  has  been  concerned  with  this  lens. 

The  lens  wss  fitted  to  the  subjects  by  the  molding  technique 
at  the  Obrig  Laboratories  in  New  York.  The  lens  is  constructed  with 
three  principle  curvatures,  i.e.  , optic  or  corneal,  Hrobnl  clearance, 
and  haptic  or  scleral  (Fig.  11.  The  time  required  for  the  fitting  of 
the  ten  subjects  averaged  three  hours  and  thiry -three  minutes  in  a 
total  of  four  visits  (Fig.  2). 

The  solution  used  with  this  lens  was  1-1/2%  sodium  bicar- 
bonate (USP)  (2,3)  made  fresh  daily  with  triple  distilled  water.  Since 
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thc)catc**rc  plastic,  * wetting  agent  1*  required.  A solution  of  1/2% 
methyl  cellulose  and  Zephiran  (Benmalkonium  Chloride)  vtu  used. 


2.  The  corn**!  plutic  lens  wu  included  in  the  study  because 
of  it*  <.rem«ndoui  surge  of  popularity  in  recent  years,  as  well  as  for 
its  simplicity  of  design  aid  relative  ease  of  fitting.  Mr.  Kevin  Tuohy, 
of  Soles  Laboratories,  originator  of  Uu*  particular  design,  did  the 
fitting.  The  lens  has  a bevelled  edge  corneal  portion  {Fig.  1).  The 
fitting  is  based  upon ophthalmometer  readings,  corneal  siae,  and  lid 
aperture  . The  time  required  for  the  fitting  of  this  lens  to  the  ten 
subjects  averaged  two  hours  and  fifty-five  minutes  in  a total  of  five 
visits  (Fig.  2). 

The  lena  must  br  moistened  with  a wetting  *g» before 
insertion,  but  otherwise  no  fluid  is  required  other  thnn  the  natural 
tears.  T*  wetting  agent  employed  was  a solution  containing  1/2% 
methyl  cellulose  and  Zephiran. 

3.  The  fluidises  ventilated  lens,  designed  by  Dr.  Josef 

Dallos  of  London,  England,  was  used  as  an  example  of  a glass  pre- 
cision fitted  lens.  This  is  a minimum  clearance  lens  which  utilises 
a capillary  layer  of  tears  as  its  lubricating  solution  (Fig.  1).  It  is  a 
large  diameter  lens  that  has  little  rotation  with  ocular  version.  There 
are  two  principle  curves,  optic  and  haptic,  and  a small  limbal  clear- 
ance. A small  circular  vent  about  I mm  in  diameter  is  placed  at 
the  limbus,  visually  just  below  the  midline  or.  the  temporal  side.  The 
location  of  the  vent,  however,  is  varicu  so  as  to  allow  proper  aera- 
ut;  of  the  cornea.  Extreme  care  and  experience  are  required  in  the 
fitting  of  this  le.it,  as  there  must  be  * constantly  changing  air  bubble 
present  thai  my  at  not  interfere  with  vision.  There  can  be  no  corneal 
or  limbal  pressure.  In  the  fitting  of  this  lens.  Dr.  Dallos  draws 
from  a collection  of  some  three  thousand  shells,  and  by  trial  and 
error  selects  a lena  approximating  that  desired  and  then  by  grinding 

(tahl  Sf  s;BA  §ivr)  building  up  SrS£8  %r# * Vv  wu « prCCSCwS  k 

fitting  process.  As  the  lenses  are  glass,  and  there  is  constant  danger 
of  breakage,  he  makes  repeated  plaster  and  brass  moldsas  the  fitting 
proceeds.  When  the  t seems  satisfactory,  a limbal  hole  is  drilled. 
Several  trials  may  be  necessary  to  assure  proper  positioning  of  the 
air  bubble . The  fitting  time  averaged  about  nineteen  hours  in  a tot^i 
of  twenty-eight  viei  ts  (Fig.  2). 

Since  these  lenses  are  made  of  glass,  a wetting  agent  is 
not  required.  The  lenses  are  simply  washed  with  water  .mr!  placed 
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in  th«  «ye.  The  natural  tear  fluid  fii&a  the  space  between  the  leua  and 
Uu  cornea,  leaving  a bubble  the  aiae  of  which  varies  with  the  rotations 
of  the  eye. 

4.  Aflu'riliaa  plastic  ventilated  lane  was  selected  as  the  fourth 
lens  for  this  study.  This  lens  is  made  commercially  under  the  name 
ol  "Lacrileas"  by  the  Obrig  Laboratories  of  New  York.  This  is  a 
molded  plastic  lens  made  from  a casting  of  the  eye  (Fig.  1).  A notch 
is  made  in  the  lens  fnfenorly  which  extends  from  the  periphery  -•  the 
haptic  to  the  liutbal  Area  in  the  six  o'clock  meridian.  The  notch  g>  tie  r - 
ally  is  covered  by  the  lower  lid  except  when  the  eyes  are  directed  up- 
ward. It  necessitates  frequent  upward  rotation  of  the  eye  to  permit 
drainage  of  tear  fluid  and  for  aerauon  of  the  cornea.  When  the  eyes 
are  in  any  position  other  than  upward  rotation,  the  bubble  should  be 
minimal  and  the  area  between  the  lens  and  the  cornea  almost  completely 
filled  with  tear  fluid.  There  are  three  principal  curvatures  in  this 
lens,  it,,  optic,  Umbal  clearance,  and  haptic.  Fitting  time  for  the 
ten  subjects  averaged  eight  hours  and  forty -five  minutes  in  a total  of 
eleven  visits  (Fig.  2». 


5.  Standard  army  issue  spectacles  were  used  in  this  study. 
These  are  tor ic  ground  “ful-vue"  shaped  lenses  set  in  either  nichronae, 
gold,  or  clear  plastic  "ful -vue"  frames.  Prescription  wes determined 
by  cycloplegic  and  posi-cycloplegic  refraction. 

C,  Test  Program 


A program  of  testing  wee  established  to  covsi  both  field  and 
laboratory  work.  The  field  teats  were  arranged  with  the  intent  of  ex- 
posing the  • *o  es  many  oi  the  conditions  as  possible  Chat  are 

encountered  in  routine  army  life  and  on  the  field  o!  battle.  Sines  four 
contact  lenses  and  spectacles  wtn  to  be  comparsd  in  performance, 
the  program  wes  divided  into  five  cycles.  To  be  assured  that  each 
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the  ten  subjects  were  divided  into  groups  of  two,  sacb  pair  wearing  a 
different  Ians  (Table  2).  Whenever  possible,  equipment  for  testing 
was  carried  into  the  field.  This,  however,  was  frequently  impractical 
and  the  field  observations  were  confined  to  the  subjective  reactions  of 
the  individual  subjects. 


The  subjects  joined  with  basic  training  units  at  Fort  Knox  for 
exercises  that  necessitated  acute  vision,  physical  strain,  and  ex- 
posure to  the  elements.  They  performed  such  exercises  as  tank 
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driving  (day  and  night),  rifle  and  machine  gun  firing,  infiltration  and 
close  combat,  hand-to-hand  combat,  etc.  Performance  was  checked 
while  wearing  gee  masks,  while  swimming,  and  while  on  guard  duty 
and  kitchen  police.  To  observe  the  effect  of  the  jolt  of  an  opening 
parachute,  the  facilities  of  the  mock-up  training  towers  at  Port 
Campu  11,  Kentucky  wan  used.  Tests  were  performed  in  the  laborato- 
ry cclo  room  af.  -46*  Fahrenheit  and  in  the  hot  room  at + 120°  Fahrenheit, 
la  the  low  pressure  cnambers  nt  Wright -Patter  son  Air  Force  Base 
at  Day  ton,  Ohio,  the  effect#  of  e simulated  altitude  of  twenty  thousand 
feet  were  tested.  The  effect#  of  explosive  decompression  also  were 
observed. 

Each  cycle  ad  testing  covered  approximately  two  months.  A 
typical  cycle  is  shown  below. 

March  S-24  Adaptation  to  new  lenses. 

24-28  Laboratory  studies. 

24-2S  Photometer  and  adeptometer. 

24  Halometcr,  entoptic  field,  color,  one  foot  Lam- 
bert visual  acuity,  surround  and  target  toler- 
ance, pkoria. 

27  Helometer,  entoptic  field,  color,  twelve  foot 
Lambert  visual  acuity,  surround  and  target 
tolerence,  phoris. 

cl  Halometcr.  entoptic  field,  color,  one  hundred 
foot  Lambert  visual  acuity,  surround  and  target 
tolerance,  phoris. 

1 1 Gas  masks. 

April  1-3  Low  procure  chamber  si  Vfrighi-Paiicr son 
Air  Force  Base. 

4 Swimming. 

7-i3  Field  Tests. 

7-8  Tank  Driving 


April  9 
10 
11 

14 

15 

16 

17 

18 


Combat  in  town*. 

Infiltration  and  close  combat. 

Service  firing  (tank). 

Rifle  transition. 

Confidence  course  and  rifle  known  distance  fir- 
ing. 

Individual  tactical  training. 

Browning  automatic  rifle  transition. 

H&nd-to-h&nd  combat.  BAR  firing  known  dis- 
tance. 


21  Guard  duty. 

22-23  Cold  Room  (-40°  Fahrenheit). 

24  -Z5  Mock-up  parachute  jump  at  Fort  Campbell. 
28  Kitchen  police. 

29-30  Hot  room  (+1Z0°  Fahrenheit). 


May  1-2  Labors toiy  studies. 

1 One  foot  Lambert  visual  acuity,  surround  and 
target  tolerance. 

i Twelve  end  one  hundred  foot  Lambert  visual 
acuity,  surround  and  targe*  tolerance. 

An  adaptation  period  of  two  weeks  seemed  adequate  for  these 
subjects  who  previously  had  become  familiar  with  each  lens  during  the 
fitting  period. 

After  completion  of  three  cycles  an  evaluation  was  made  and 
it  seemed  v.auecassary  to  repeat  all  of  the  field  studies.  Only  those 


fa 


phases  which  revealed  pertinent  finding*  in  the  first  three  cycles 
were  repeated  in  the  last  two  cycles. 

HI.  RESULTS  AND  DISCUSSION 

A.  I .abqr s'gry  Studies 


In  the  laboratory  studies  several  of  the  instruments  devised 
by  Finkelstcin  (2)  were  employed.  Consideration  was  given  to  the 
usual  aids  for  ocular  testing  and  those  that  appeared  to  have  value 
for  this  comparative  analysis  vere  employed. 

1.  Halo  brightness  and  halo  time 

Until  recently,  vervial  base  has  been  the  major  problem 
associated  with  contact  lenses.  This  base  causes  a subjective  visual 
fogging  and  a chromatic  halo.  The  aim  of  this  particular  study  was 
to  determine  the  ; cte  of  development  end  the  brightness  of  the  chro- 
matic halo  produced  by  each  lens.  Several  theories  have  been  pre- 
sented as  the  possible  cause  of  this  diffraction  phenomenon.  The 
most  recent  work  in  this  field  was  conducted  by  Finkelstein  (2)  who 
has  designed  an  instrument  to  measure  both  sine  and  brightness  of 
the  halo.  This  instrument,  known  as  the  Halometer  (Fig.  3),  contains 
as  a light  source  in  f d type  sunlamp  which  is  filtered  so  that  the 
subject  sees  an  almost  monochromatic  green  light  oi  high  intensity 
through  a small  aperture  in  the  instrument.  Through  a somewhat 
larger  aperture  to  the  rear  of  the  source,  similarly  filtered  light 
passes  through  s variable  and  two  fixed  poleroids  and  falls  upon  a 
screes  at  the  rear  of  the  Halometer.  The  subject  is  instructed  to 
stand  at  a distance  from  the  apparatus  so  thst  the  point  of  maximum 
intensity  of  hiJ  h tic- appear*  at  a distance  of  27  cm.  from  the  central 
light  source.  This  falls  just  within  the  comparison  arc  which  has  an 
inner  duiuctcf  of  30  Ciii.  and  through  which  the  rear  screen  is  viewed. 
The  subject  stands  at  approximately  eixteenfeet  from  the  instrument. 
By  changing  the  orientation  of  the  variable  polar  oid  the  subject  makes 
a brightness  match  to  his  halo.  The  technique  employed  in  this  study 
wao  a slight  variation  from  that  used  by  Finkelstein  in  that  a standard 
halo  position  was  used  for  all  subjects,  rather  than  allowing  each 
subject  tc  pick  his  own  area  of  the  halo  for  comparison.  Nine  read- 
ings were  taken  hourly  alter  the  subject  firstobserved  the  development 
of  a halo.  A mean  was  taken  and  these  data  were  transposed  into 
percentages  of  light  transmitted  through  the  polaroid  plates.  Thus 
the  results  were  relative  measures  of  halo  brightness. 


The  average  intensity  of  the  halo  brightness  developed 
while  wearing  the  fluid  lens  did  not  quite  equal  that  reported  by 
Finkelatein,  but  the  general  pattern  was  the  same.  From  the  graph 
(Fig.  41,  it  ie  apparent  that  there  was  a gradual  increase  in  halo 
bright*  «s  with  wearing  time  of  the  fluid  lens.  Only  on  rare  occasions 
did  measurable  b*.ios  develop  with  the  other  type  lenses.  Among 
these  exceptions  were  instances  when  an  isolated  individual  wearing 
one  of  the  ventilated  lenses  would  have  a blockage  of  the  vent  by 
mucus  or  edematous  conjunctiva.  This  was  a transient  halo  that  dis- 
appeared  when  the  obstruction  was  removed.  Transient  halos  were 
reported  by  several  individuals  wearing  the  ventilated  lenses  while 
swimming.  In  none  of  these  cases  were  the  halos  intense  enough  to 
be  measured. 

The  halo  time  was  defined  as  the  time  after  lens  in* 
sertion  when  the  diffraction  pattern  associated  with  corneal  hase 
became  sufficiently  organised  to  form  a chromatic  ring.  Thia  was 
a significant  reading  and  was  rather  consistent  from  day  to  day  if 
conditions  were  held  constant.  Thus,  for  example,  in  the  cold,  hot, 
and  low  preasure  rooms,  the  halo  time  gave  an  excellent  guide  as  to 
the  rate  of  corneal  changes.  The  instrument  used  for  the  detection 
of  halos,  had  a microscope  illuminating  lamp  as  a light  source.  This 
device  emitted  an  extremely  bright  beam  of  relatively  white  light 
through  its  10  mm.  aperture  which  was  viewed  from  a point  approxi- 
mately twenty  feet  from  the  source. 

Since  w many  test  situations  it  was  impractical  to 
transport  the  bolometer  from  the  laboratory,  it  was  necessary  to 
limit  the  test  to  hilo  appearance  time.  The  average  halo  appearance 
time  under  standard  conditions  was  two  hours  and  fourteen  minutes 
(Fig.  5).  This  v?-.  ied  wit.i  climatic  extremes.  In  the  cold  room,  the 
average  appearance  time  was  delayed  (three  hours  and  nineteen  minutes) 
Th«  s»loi  appeared  slightly  earner  than  normal  in  the  hot  room  (one 
hou.  and  iuty-two  minutes >.  In  the  low  pressure  room,  the  sverage 
time  was  two  hours  and  fifteen  minutes. 

Under  standard  conditions,  the  appearance  time  and 
relative  increase  in  brightness  of  this  diffraction  phenomena  was  quite 
constant  for  the  individual,  although  there  was  some  variation  between 
subjects.  The  occasional  appea.ance  of  halos  when  the  vent  in  the 
ventilated  lenses  became  obstructed  demonstrated  the  necessity  for 
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free  flow  of  tear  fluid  and  aeration  of  the  coroea  (I).  The  appearance 
of  transient  haloc  while  swimming  may  be  ascribed  to  the  low  tonicity 
of  the  water  that  circulated  under  the  lens  (2). 

The  earlier  appearance  of  halos  in  the  hot  room  and 
their  delayed  formation  in  the  cold  room  might  possibly  be  explained 
by  soi/te  variation  in  the 'metabolism  of  the  corneal  tie  sue  at  different 
temperatures.  ^ 

In  view  of  t£grwork  of  Smelacr  (l)  it  bad  been  anticipated 
that,  with  the  reduces  oxygen  in  the  low  pressure  chamber,  halos 
might  have  become  apparent  to  individuals  wearing  contact  lenses 
and  possibly  appear^earlier  with  the  fluid  lenses.  Since  no  halos 
appeared  with  the  fiuidless  lenses  and  there  waa  no  change  In  the 
development  time  in  the  fluid  lenses,  it  must  be  assumed  that  there 
was  still  adequsrte  o£y|«ni(  the  simulated  altitude  (20,  000  ft.  )to  main- 
tain normal  corneal  metabolism  during  the  time  tested. 

2.  Corneal  turbidity 
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This  is  a measure  of  corneal  haae  development.  The 
basic  instrumentation  used  was  an  adaptation  of  a Bausch  and  Umb 
slit  lamp  in  which  a telemicroscope  was  substituted  in  place  of  the 
corneal  microscope  (Fig.  6).  By  optically  splitting  the  beam  of  light 
entering  the  telemicroacope,  photometric  measurements  can  be  made 
after  the  operator  aligns  the  instrument  in  its  proper  position.  This 
sppsuratus  was  designed  by  Finkelstcin  (2)  and  provides  for  exact 
replication  of  the  positioning  of  the  slit  of  light  (the  brightness  of 
which  is  reduced  by  a #1  neutral  density  Wretten  filter)  upon  the  eye 
and  the  teler-iicroscope  detector  which  is  set  to  receive  the  light  re- 
ctsd  and  scattered  by  the  cornea. 

The  photoelectric  measurement  of  this  light  results  in 
a relative  measure  of  cornesi  haxc.  The  cornea  normally  reflects 
• certain  amount  of  lighi  and  an  increase  in  turbidity  causes  an  in- 
crease in  reflection.  Four  readings  were  taken  hourly  throughout 
the  day  and  the  mean  was  taken  of  each  set  of  readings.  The  photo- 

meter  part  of  the  apparatus  consists  of  a F errand  Electron  Multiplier 

and  a voltage  regulator  with  ballast  employed  in  the  slit  lamp  circuit. 
The  standardisation  is  accomplished  with  a spec islly  adapted  Macbeth 
niumiuometcr. 


H S 


Certain  changes  were  made  in  the  instrumentation  and 
technique  employed  by  Finkelstcin.  A monitoring  unit  was  added 
between  the  slit  lamp  and  the  focusing  objective.  The  purpose  of  this 
was  to  sssufc  a constant  amount  of  light  reaching  the  cornea,  where- 
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ns  formerly  only  the  electrical  properties  were  kept  constant.  It  was 
found  that  in  order  to  maintain  standard  illumination,  the  amperage 
had  to  be  changed  frequently  during  the  day.  The  deterioration  of 
bulb  am*  filament  caused  electrical  variations.  Hence  the  monitoring 
unit  seemed  to  be  a valuable  addition.  A,  piece  of  plain,  clear  glass 
inclined  45°  to  the  plane  of  illumination  was  placed  in  the  apparatus. 
This  permitted  a certain  amount  of  the  beam  to  be  reflected  vertically 
ami  after  passing  through  a #3  neutral  density  Wratten  filter  and  a 
small  aperture,  the  Light  would  fall  upon  a photo -coll. 

The  photo-electric  monitor  circuit  (Fig.  7)  consists  of 
two  sections,  a stabilised  high  voltage  power  supply  for  all  but  the 
last  stage  of  the  931 -A multiplier  photo-cell  used  to  monitor  the  light 
intenuity,  and  a regulated  low  voltage  power  supply  and  amplifier. 
The  amplifier  ie  a bridged  vacuum  tube  voltmeter.  Two  5693  tubes 
are  used  as  arms  of  the  bridge,  one  being  operated  at  a fixed  gain  ae 
a reference  and  the  other  tub-  controlled  from  the  931 -A  photo-cell. 
A voltage  divider  ie  placed  across  the  output  of  the  93 1 -A  so  that  the 
unit  may  be  used  over  a wide  range  of  light  intensities.  A 50  micro- 
ampere meter  is  placed  between  the  plates  of  the  two  5693  tubes  to 
indicate  the  relative  intensity  within  the  selected  range.  The  relative 
brightness  of  the  beam  can  be  read  from  a meter  in  micro -amperes 

<4X 


Another  change  in  technique  was  the  use  of  a standard 
r-hiin  rest  rather  than  the  molded  bite  plate  employed  by  Finkelttein. 

It  was  found  that  it  was  possible  to  replicate  the  findings  and  spend 
up  the  testing  with  this  simplification.  This  allowed  for  one  setting 
of  the  instrument  and  allowed  freer  manipulation  of  subjects. 

The  objective  observation  of  corneal  scatter  as  measured 
on  the  modified  slit  lamp  photometer  revealed  very  minimal  changes 
with  all  contact  lenses  for  the  time  tested  except  the  fluid  type  lens 
(Fig.  »j.  The  corneal  scatter  increased  with  the  time  the  fluid  lens 
was  worn.  Fink*  1st* in  ran  similar  studies  on  the  fluid  end  corneal 
lettuce  (2),  with  approximately  the  same  results.  He  also  demonstrated 
that  normally  no  change  in  corneal  scatter  occurred  when  no  contact 
lenses  were  worn. 

The  photometer  reading  ie  s composite  of  light  reflected 
by  the  corneal  optical  surfaces  and  light  scattered  by  opaque  or  semi- 
opaque  bodies  within  tht  cornea.  Thus  normally  r certain  amount  of 
light  is  measured  by tb  photometer.  With  the de velopment  of  corneal 
’«»«»  the  cornea  becomes  more  translucent  and  the  amount  o.'  light 
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scattered  and  reflected  by  an  increasing  number  of  relatively  opaque 
bodies  increases.  Consequently  there  is  a good  correlation  between 
corneal  hase  and  corneal  scatter.  Therefore,  it  can  be  assumed  that 
no  measurable  corneal  hase  developed  under  normal  conditions  except 
when  the  fluid  lenses  were  worn.  The  wearing  of  the  fluid  lens  pro- 
duced s gradual  inersase  in  corneal  scatter  with  corneal  hase. 

3.  Visual  acuity 

II  was  noticed  during  the  pilot  studies,  while  testing  sub- 
jects manifesting  corneal  hase,  that  a difference  existed  between  the 
vision  recorded  in  a semi-dar’usned  teat  room  and  the  apparently 
poorer  vision  noticed  shortly  afterward  in  the  brightly  illuminated 
laboratory.  Thus  further  studies  seemed  indicated.  Since  this  drop 
in  vision  apparently  occurred  where  high  levels  of  ambient  or  surround 
illumination  existed,  test  apparatus  was  constructed  which  provided 
for  control  of  both  target  and  surround  illumination. 

The  tasting  was  conducted  «t  fifty  centimeters  and  at  - 
twenty  feet  using  the  Ludolt-C  as  the  test  target.  For  the  testing  at 
fifty  centimeters,  fourteen  slides  were  made  front  a photographically 
reduced  Landolt-C  ins  range  of  sixes  from  20/10  to  20/200.  The 
photographs  were  of  maximal  contrast.  The  slide  holder  -was  fitted 
into  a large  ball  bearing  mount  which  provides  complete  rotation  of 
the  centered  target  (Fig.  9,  10). 

The  target  area  of  the  apparatus  is  that  subtended  by  an 
angle  of  four  degrees,  tor ty -three  minutes  sod  eight  seconds  of  arc 
and  vision  is  limited  by  the  diameter  of  the  bearing  mount.  It  is 
illuminated  from  the  rear  by  s 60  watt  Meads  lamp,  and  the  light  is 
diffused  bya  p>ce  of  Belgian  flashed  bps  I glass  The  brightness  of  the 
target  at  the  various  transformer  settings  was  calibrated  with  s Gen- 
eral Electric  Lucki"»h -Taylor  Brightness  Meter,  and  ranged  from 
0.  109  foot  Lamberts  to  1294.4  foot  Lamberts.  These  and  all  inter- 
mediate readings  were  based  upon  the  mean  of  nine  readings.  To 
prevent  wall  reflection,  the  sides  of  the  passage  through  which  the 
target  is  viewed  are  painted  black  and  three  large  reflection  stops 
are  placed  atintervals  (Fig.  10).  This  paesage  extends  into  the  sur- 
round illumination  box  just  far  enough  to  prevent  any  illumination 
from  the  box  falling  upon  the  target.  A shutter  is  placed  in  front  of 
the  light  source  so  that  the  target  may  be  rotated  without  the  subject 
viewing  if. 

When  the  apparatus  was  used  for  testing  at  twenty  feet, 
the  target  illuminator  and  the  viewing  pa  usage  were  removed , leaving 
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merely  the  surround  section  with  s 4"x4"  aperture  in  the  box.  An 
instrument  manufactured  by  Yamakooi  Scisakusyo,  Tokyo,  was  used 
for  the  target  in  this  case.  It  is  a Landolt-C  vision  test  apparatus 
orovidmgten  targets  ranging  from  20/8  to  20/42,  to  which  were  added 
four  photographically  reproduced  Landolt-C  charts  from  20/59  to 
20/162,  which  fit  into  a special  holder  cn  the  instrument.  The  di- 
rection of  the  C and  the  target  sime  can  be  changed  by  use  of  control^ 
(a  planetary  gear  syatam)  in  the  rear  of  the  apparatus.  Illumination 
is  provided  by  two  shielded  60  watt  Maada  lamps  and  controlled  by  a 
rheostat.  The  targets  reflectan  average  of  73.  3%  of  the  light  illumi- 
nating them , as  determined  by  taking  a mean  of  the  percent  reflectance 
at  intervals  of  twenty  millimicrons  over  the  range  of  four  hundred  to 
seven  hundred  millimicrons. 

Calibratica  of  target  brightness  was  accomplished  with 
the  Luckiesh  -Taylor  Brightness  Meter.  Both  the  tsrgetand  surround 
variable  transformers  were  connected  to  a constant  voltage  trans- 
former. 


The  surround  is  actually  providsd  by  a glass  box  within 
a box.  The  inner  box  which  the  subject  views  is  constructed  of  Belgian 
flashed  opal  glass  on  all  but  on*  side.  Thus,  illumination  reaches 
the  eyes  directly  trom  above,  below,  left  and  right.  Directly  ahead, 
the  subject  views  the  target  area  which  &s  set  into  a 4"x41'  aperture 
in  the  white  front  wall  ut  the  apparatus.  The  outer  box  contains  four 
60  watt  bis  ads  bulbs,  one  centered  above  each  opal  glass  panel. 
These  serve  to  illuminate  the  opal  glass.  The  base  of  the  glass  sec- 
tion of  each  bulb  m set  six  inches  (rum  the  inner  glass  panel.  The 
four  bulbs  arc  electrically  joined  in  parallel  to  a variable  transformer. 
The  subject's  bead  4s  placed  into  the  box  in  a manner  such  that  he  is 
surrounded  by  ambient  illumination.  His  position  is  maintained  by 
a lucite  molded  headband  which  is  co  positioned,  that  when  the  subject 
is  properly  aligned,  his  eyes  are  at  the  desired  distance  from  the 
target.  The  position  and  shape  of  the  headband  was  d#  ta  r«, lined  by 
mean  cranial  measurements  of  the  ten  subjects. 

Calibration  presented  a difficult  problem,  since  although 
the  light  box  is  symmetrical,  it  is  neither  cubical  nor  spherical.* 
(The  rectangular  shape  was  determined  by  the  fset  that  provision  had 
to  be  made  to  allow  space  for  a double  fold  of  an  oxygen  respiratory 
tube  used  in  the  low  pressure  room}.  The  essential  problem  was  to 

''Mr.  Sylvester  Guth  of  the  General  Electric  Company  was  very  kind 
in  offering  his  advice  on  this  and  associated  problems. 
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determine  the  level  of  ambient  illumination  at  the  aeveral  variable 
transformer  settings.  Since  almost  every  point  within  the  box  re- 
veale5T3ifferent  level  of  brightness  measured  with  a General  Electric 
Luckiesh -Taylor  Brightness  Meter,  it  was  decided  that  probably  the 
best  r..  - thod  would  be  to  measure  the  integrated  level  of  illumination 
with  a Weston  r“oct -Candle  Meter  pointed  at  the  darkened  target  from 
the  position  of  the  monocular  eye.  The  illumination  varied  from  aero 
to  three  hundred  fifty  foot  candles.  A rather  complete  analysis 
of  the  brightness  existing  in  the  ligat  box  was  made  at  the  one  hundred 
foot  candle  level.  Measurements  were  made  to  determine  if  equal 
brightness  existed  st  symmetrical  points  in  the  light  box  and  if  a 
change  in  variac  setting  would  result  in  a directly  proportional  change 
in  brightness  at  the  several  points.  Proportional  change  and  symme- 
try were  found,  a diagrammatic  view  looking  into  the  light  box  is 
presented  to  show  the  brightness  at  various  points  in  the  box  at  the 
one  hundred  foot  candle  level  (Pig.  H). 

Testing  was  conducted  at  various  brightness  settings  of 
target  «od  surround.  During  sach  of  the  five  cycles,  each  test  com- 
bination was  conducted  on  two  days.  To  determine  the  effect  of  vary- 
ing target  brightness,  three  basic  levels  were  chosen --one,  twelve, 
and  oar  hundred  foot  Laeroberts.  The  twelve  foot  Lambert  level  was 
used  since  it  has  been  recommended  by  the  Subcommittee  on  Pro- 
cedures and  Standards  for  Visual  Examinations  for  the  Army,  Navy- 
NRC  Vision  Committee  (5).  It  will  be  noted  that  the  chosen  levels 
ars  approximately  one  log  unit  apart. 

Most  of  the  testing  was  conducted  at  fifty  centimeters 
since  only  one  vierttor  wii  necessary  at  this  test  distance.  Testing 
was  done  only  for  targets  of  twelve  foot  Lamberts  et  the  twenty  foot 
distance.  Th*  *uriound  illumination  levels  of  aero,  one  hundred, 
two  hundred,  and  three  hundred  foot  candles  wars  rather  arbitrarily 
chosen  to  determine  the  effect  of  succeeding  levels  of  ambient  illu- 
mination. 


In  tbe  low  pressure  chamber  and  the  hot  room , testing 
was  dons  with  targets  at  the  standard  twelve  foot  Lambert  level. 
Testing  obviously  wes  limited  in  the  cold  room  so  readings  were  taken 
at  this  same  level  of  target  brightness  immediately  after  leaving  the 
cold  room. 
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SPECTACLES: 

The  toting  of  visual  acuity  with  spectacles  at  twenty  feet  re- 
vealed that  virtually  no  change  took  place  during  an  eight  hour  period. 
The  vr . iation  of  rurround  illumination  seemed  to  have  significant 
effect.  These  'wirings  are  different  in  degree  from  those  of  Lythgoe 
(6)  but  it  is  believed  that  this  is  due  to  differences  in  method  of  teet- 


Te  sting  at  twenty  feet  (Fig.  12}  resulted  inreadings  that  were  almost 
identical  with  those  taken  at  fifty  centimeters  (Fig.  13)  with  a twelve 
foot  Lambert  target  level.  The  readings  averaged  tO/19  for  all  test 
conditions. 


By  increasing  target  brightness,  (Fig.  14),  visual  acuity  was 
increased  only  sligntly  at  all  levels;  and  a decrease  in  target  bright- 
ness (Fig.  IS)  apparently  caused  a very  minimal  decrease  in  visual 
acuity.  These  changes  are  insignificant . 

The  data  taken  in  the  hot  and  cold  room  (Fig.  Ik),  while  slightly 
less  consistent,  revealed  virtually  no  change  in  visual  acuity.  Vision 
in  the  cold  room  was  just  slightly  better  than  that  in  the  hot  room. 
One  great  disadvantage  oi  spectacles  in  the  cold  room  was  the  frost- 
ing of  lcnacs  that  occurred  shortly  after  entering  the  cold  and  the 
steaming  of  lenses  on  returning  to  a warmer  atmosphere.  To  main- 
tain adequate  vision  in  the  hot  room,  it  was  necessary  to  clean  the 
lenses  frequently  because  they  became  spotted  with  perspiration. 

Visual  acu;*y  in  the  low  pressure  chamber  (Fig.  17)  was  practi- 
cally the  same  during  a seven  hour  period  as  at  normal  atmospheric 
pressure . 

Visual  »f  uity  with  spectacles  remained  virtually  constant  through- 
out the.  day.  Variation  ot  target  brightness  from  one  foot  Lambert 
to  otic  hundred  foot  Lamberts,  and  variation  of  surround  illumination 
from  aero  to  three  hundred  foot  candles  had  little  effect  on  visual 
acuity.  The  very  minimal  changes  noted  in  the  hot  room  could  have 
been  a secondary  result  of  the  generalised  languor  that  is  commonly 
associated  with  prolonged  exposure  to  high  ambient  temperatures. 
The  “mechanical"  difticulties  of  frost,  steam,  and  perspiration  put 
Spectacles  at  a disadvantage  when  worn  undt  r climatic  extremes 


DALLOS  AND  LACRILENS: 

The  findings  with  the  Dallos  end  Lacrilens  were  almost  com- 
pletely identical.  Visual  acuity,  tested  st  twenty  feet  (Fig.  12)  and 
at  fifty  centimeters  (Fig.  13)  with  twelve  foot  candle  surround  illu- 
mination, averaged  20/20  throughout  the  entire  testing  period  which 
in  some  instances  lasted  as  long  as  fifteen  hours.  Varying  the  sur- 
round illumination  had  Little  effect  on  visual  acuity  despits  the  pro- 
longed wearing  time-  There  was  a very  minimal  drop  in  visual  acuity 
notsd  after  wearing  the  Dallos  lens  for  six  hours  when  the  target 
illumination  was  reduced  to  one  foot  Lambert  m the  presence  of  an 
increased  surround  illumination  (Fig.  15).  This  di  op  never  exceeded 
a change  of  more  than  that  from  20/20  to  20/27.  At  the  one  hundred 
foot  Lambert  level  (Fig.  14),  even  this  slight  change  was  not  noted. 

In  the  hot  room  (Fig.  16),  very  alight  changes  in  visual  acuity 
were  noted.  The  change  never  exceeded  more  than  that  from  20/20 
to  20/25.  Cold  room  readings  revealed  (Fig.  16)  virtually  no  change 
in  visual  acuity.  In  testing  in  the  low  pressure  chamber  (Fig.  17), 
no  changes  were  notsd  throughout  the  period  of  observation. 

There  was  noted  a very  slight  drop  in  visual  acuity  immediately 
following  the  removal  of  the  lenses  (Fig.  12).  This  was  testsd  at 
twelve  foot  Lambert  target  brightness  with  aero  surround  illumina- 
tion. The  average  drop  did  not  exceed  20/22  from  a wearing  base 
value  of  20/17  and  can  hardly  be  considered  significant. 

Visual  acuity  with  the  Dallos  and  Lacrilens  remained  essentially 
normal  throughout  the  extended  teatirg  periods.  At  no  time  did  a 
change  in  visual  acuity  exceed  a drop  of  more  than  that  from  20/20 
to  20/28,  and  this  was  noted  only  at  a low  target  illumination  level 
and  a high  sui  round  illumination  in  the  hot  room.  This  indicates 
that  only  minimal  corneal  changes  occux  when  these  lenses  ere  worn 

FLUID  LENSES: 

Visual  acuity  tested  at  twenty  feet  with  a target  brightness  of 
twelve  foot  Lamberts  with  various  levels  of  surround  illumination 
while  wearing  the  fluid  lens  is  represented  in  Fig.  18.  With  the 
surround  illumination  at  aero,  the  reduction  in  visual  acuity  was 
relatively  slight  despite  the  existence  of  s deep  corneal  has*.  With 
the  introduction  of  surround  illumination,  there  was  a significant 
drop  in  visual  acuity  in  the  presence  of  deep  corneal  base,  which 
apparently  was  proportional  to  the  depth  of  the  haae  and  tne  bright - 
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ocas  of  the  surround.  With  the  surrourd  illumination  at  aero,  tie 
mean  visual  acuity  reading  had  fallen  from  20/17  to  20/29  within  the 
seventh  hour;  while  within  a similar  period  with  the  surround  illu- 
mination at  three  hundred  foot  candies,  the  fail  was  from  20/19  to 
20/117.  Visual  acuity  remained  essentially  at  a constant  level  from 
the  time  of  insertion  of  the  lenses  until  a time  that  was  almost  coin- 
cidental with  the  appearance  of  the  chromatic  halo. 

When  visual  acuity  waa  tested  at  fifty  centimeters  (Fig.  19)  with 
a target  brightness  of  twelve  foot  Lamberts  and  varying  surround 
illuminations,  the  results  were  essentially  of  the  same  order  as 
those  found  under  similar  lighting  conditions  at  twenty  fast.  While 
the  effects  were  comparable,  they  were  not  as  axtreme.  Here  again 
there  was  little  drop  in  visual  acuity  with  no  surround  illumination 
while  with  a surround  illumination  of  three  hundred  foot  candles,  the 
visual  acuity  dropped  from  20/20  to  20/87  with  the  development  of 
corneal  has*.  This  change  was  apparently  proportional  to  the  depth 
of  the  corneal  haae  and  the  brightness  of  the  surround. 

The  irregularities  in  this  and  other  visual  acuity  charts  do  not 
necessarily  indicate  violent  fluctuations  in  visual  acuity,  for  all  of 
these  irregularities  can  be  ascribed  to  individual  subjects  who  ex- 
perienced difficulties  of  one  type  or  another,  such  as  irritation  and 
photophobia,  which  resulted  in  early  removal  of  the  lenses.  In  gener- 
al. individual  curves  of  visual  acuity  revealed  gradually  progressive 
changes.  The  charts  presented,  however,  represent  the  composite 
means  of  individual  results  taken  within  hourly  periods. 

The  effects  of  varying  the  target  brightness  while  wearing  the 
fluid  lens  are  icpresented  in  Fig.  £0  and  21.  When  the  target  bright- 
ness was  reduced  to  one  foot  Lambert  and  the  surround  illumination 
varied  f r om. «ro  to  three  hundred  foot  candles,  the  effects  were 
comparable  to  those  seen  with  target  brightness  values  of  twelve  foot 
Lamberts,  but  were  greatly  magnified.  Similarly,  when  the  target 
^brightness  was  increased  to  one  hundred  foot  Lamberts,  the  effect 
was  greatly  reduced. 

The  drop  in  visual  acuity  apparently  was  more  closely  related 
to  corneal  base  at  the  lower  levels  of  target  brightness 

If  one  examines  the  readings  taken  immediately  after  emerging 
from  the  cold  room  after  both  six  and  eight  hour  exposure  periods,  it 
will  be  seen  that  almost  no  change  in  visual  acuity  had  taken  place 
(Fig.  22). 
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On  the  other  hand,  the  hot  room  data  (Fig.  22)  reveal  that  the 
changes  in  visual  acuity,  with  an  increase  in  surround  illumination, 
occurred  sooner  at  120°  Fahrenheit  than  at  the  normal  laboratory 
temperature  of  72°  Fahrenheit.  Again,  the  halo  time  served  as  a 
coincide  utal  factor  with  the  drop  in  visual  acuity.  In  the  hot  room 
the  chromatic  h tic  appeared  sooner  than  normal,  and  in  the  cold 
room  its  appearance  was  delayed. 

The  findings  in  the  low  pressure  chamber  (Fig.  23)  were  similar 
to  those  for  normal  conditions  (Fig.  19). 

It  had  been  noted  that  there  was  blurring  of  vision  after  removal 
of  the  lenses,  especially  in  the  presence  of  corneal  haze.  Tests 
were  done  to  determine  the  time  required  for  restoration  of  normal 
vision  (Fig.  18).  Results  showed  that  there  was  an  immediate  drop 
in  visual  acuity  upon  removal  of  the  lenses  even  with  no  surround 
illumination.  However,  within  thirty  minutes  after  removal,  the 
vision  had  returned  to  normal.  Similar  testing  was  done  at  the  fifty 
centimeter  distance  with  different  levels  of  illumination  and  the  re- 
sults were  essentially  fee  same.  The  more  intense  surround  illu- 
mination (one  hundred  foot  Lamberts)  caused  proportionately  greater 
blurring,  but  as  the  corneal  haze  cleared,  the  effect  of  the  ambient 
lighting  was  reduced  and  the  vision  returned  to  normal  with  all  levels 
of  surround  illumination  within  thirty  minutes. 

The  visual  acuity  after  inserting  fluid  lenses  was  not  sig- 
nificantly different  from  that  while  wearing  spectacles.  However, 
after  approximately  three  hour  s oi  wearing  time,  the  visual  perform- 
ance with  fluid  lenses  began  to  fail.  Since  the  only  known  changes 
in  the  refractive  media  are  said  to  occur  in  the  cornea,  it  must  be 
assumed  that  these  were  responsible  for  the  reduction  in  vision. 
Smelser  (1)  hae  shown  in  animal  experimentation  that  edema  and 
thickening  of  the  cornea  occurred  after  fluid  lenses  were  worn. 
Donaldson  (7)  found  similar  results  with  humans.  The  thickening 
of  the  cornea  would  have  little  effect  on  visual  acuity  while  the  fluid 
lenses  are  being  worn,  since  the  indices  of  infraction  of  fluids  on 
cither  side  of  the  cornea  virtually  negate  the  different  refractive 
power  of  the  cornea.  It  is  assumed  that  a temporarily  increased 
thickening  of  the  cornea  might  have  occurred  in  the  present  studies 
and  was  at  least  partially  responsible  for  the  greater  degree  of  visual 
impairment  immediately  after  the  lenses  were  removed. 
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Another  change  that  occurred  in  the  cornea  while  wearing  the 
fluid  lens  was  the  development  of  progressive  corneal  clouding, 
which  probably  was  the  main  cause  for  decreased  visual  acuity  while 
the  lenses  were  worn  and  immediately  after  their  removal.  This 
cloud:*', g of  the  cornea  tends  to  scatter  incident  light  resulting  in  a 
veiling  glare.  U«n/  workers  in  the  field  of  lighting  (8,  9,  10,  IL) 
have  found  that  veiling  glare  has  three  main  effects.  These  arc: 
reduction  in  contrast,  photophobia,  and  raising  the  level  of  light 
adaptation.  The  amount  of  veiling  glare  created  is  dependent  upon 
the  depth  of  the  hear  and  the  quantity  and  extent  of  light  incident  to 
the  eye.  Since  visual  acuity  *s  partially  dependent  upon  discrimina  - 
tion between  the  target  and  its  immediate  surround,  any  factor  such 
as  veiling  glare  that  tends  to  reduce  the  contrast  will  result  in  re- 
duction of  visual  acuity.  In  this  experiment,  the  variable  illumina- 
tion of  the  target,  whose  area  was  of  small  extent,  apparently  in- 
duced minimal  veiling  glare , while  the  extended  surround  illumination 
has  a pronounced  effect. 

These  hypotheses  were  demonstrated  at  both  the  twenty  foot  and 
fifty  centimeter  test  distances  with  the  fluid  lens.  The  drop  in  visual 
acuity  appeared  shortly  after  the  first  appearance  of  the  halo,  which 
seemed  to  indicate  that  a depth  of  haxe  just  slightly  greater  than  that 
existing  at  the  time  of  the  halo  w&a  necessary  to  produce  the  reduced 
acuity  This  process  seemed  to  be  accelerated  under  hot  room  con- 
ditions and  retarded  in  the  cold  room  as  was  the  halo  appearance 
time.  In  the  low  pressure  chamber,  there  was  little  variation  in  re  - 
suits  from  those  obtained  under  normal  conditions. 

The  differences  in  visual  acuity  seen  in  the  various  levels  of 
one,  twelve,  and  one  hundred  foot  Lamberts  of  target  brightness 
were  undoubtedly  the  result  of  contrast  differences  that  existed  be- 
tween the  target  and  the  immediate  surround  in  the  presence  of  veil- 
ing glare. 

In  the  presence  of  a constant  suriound  illumination  and  with 
corneal haxc  and  the  resultant  veiling  glare,  the  effect  was  lessened 
at  the  higher  levels  of  target  brightness.  The  veiling  effect  wit  un- 
changed, but  at  the  increased  level  of  target  brightness,  the  contrast 
was  greater  and  therefore  the  effect  on  visual  acuity  was  lessened 
It  was  only  when  the  difference  in  contrast  fell  below  the  level  of 
contrast  sensitivity  that  the  visual  acuity  lessened.  Thus  the  visual 
acuity  st  the  target  brightness  of  one  hundred  foot  Lamberts  was 
better  than  that  at  one  foot  Lambert  in  the  presence  of  a constant 
veiling  glare.  Therefore,  visual  acuity  may  be  assumed  to  be  rela- 
tive to  the  contrast  difference  between  the  target  and  its  immediate 
surround 
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The  immediate  drop  m visual  acuity  upon  removal  of  the  fluid 
lenses  may  be  assumed  to  have  been  due  to  both  corneal  thickening 
and  haze.  Visual  acuity  was  restored  within  a half  an  hour. 

TUOHY  LENS: 

The  result?  of  the  visual  acuity  tested  while  wearing  the  Tuohy 
lens  were  quite  bizarre.  It  was  found  that  certain  subjects  ex- 
perienced considerable  discomfort  while  wearing  this  lens,  and  as 
a result,  many  of  the  findings  were  erratic.  In  order  to  present  the 
results,  the  data  were  divided  into  two  groups.  Group  A included 
the  data  of  subjects  whowere  unable  to  tolerate  their  lenecs  for  four 
hours,  and  Group  B included  the  data  of  those  who  wore  the  lenses 
more  than  four  hours.  Group  A and  B did  not  necessarily  include 
the  same  subjects  in  each  test  since  individual  tolerance  varied  from 
day  to  day.  It  was  found  that  if  the  individual  subject  was  able  to 
wear  his  lenses  comfortably  for  four  hours,  he  could  frequently 
continue  wearing  them  for  the  completion  of  the  test  period.  It  was 
for  this  reason  that  the  arbitrary  division  of  the  data  was  made  at 
four  hours. 

Visual  acuity,  as  tested  at  twenty  feet,  revealed  very  little 
change  m those  who  wore  the  lenses  comfortably.  Group  B,  (Fig.  24). 
Group  A,  however,  revealed  marked  and  rapid  decreased  in  visual 
acuity  which  was  greatly  accentuated  by  the  introduction  of  surround 
illumination.  It  will  be  noticed  that  the  average  removal  time  was 
two  hours  and  one  minute.  Reading?  for  Group  A taken  after  that 
time  show  a return  to  the  normal  because  these  with  the  greatest 
irritation  had  removed  their  lenses. 

Results  of  visual  acuity  testa  at  fifty  centimeters  at  the  twelve 
foot  Lambert  target  level  were  similar  to  those  of  the  tests  at  twer-iy 
feet,  but  the  changes  were  not  as  extreme  for  Group  A (Fig.  25). 
The  slight  irregularities  in  Group  B were  due  primarily  to  the  in- 
clusion of  one  subject  who  had  discomfort,  but  was  able  to  wear  his 
lenses  for  five  hours. 

The  findings  at  the  one  foot  Lambert  target  level  appear  at  first 
glance  to  be  quite  confusing  (Fig.  26).  Group  A experienced  con- 
siderable irritation  and  therefore  had  short  wearing  times~5Tid  rapid 
drops  in  visual  acuity  which  were  accentuated  by  increased  ambient 
illumination.  The  average  removal  time  in  this  group  was  one  hour 
and  fifty-two  minutes.  The  marked  irregularity  seen  in  Group  B was 
due  primarily  to  two  subjects  who  wore  the  lenses  morethanfour 
hours  despite  some  discomfort  and  poor  vision.  The  two  marked 
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variation*  were  produced  by  these  two  subjects  removing  their  lennes 
at_d  iff  e rent  times.  Had  Group  B been  graphed  without  these  two  in- 
dividuals, the  visual  acuity  would  not  have  dropped  below  20/30  at 
any  tiirvi 


With  a target  brightness  of  one  hundred  foot  L>amberts,  the  re* 
suits  again  were  similar  (Fig.  2V).  In  Group  A the  visual  acuity 
again  dropped  rapidly,  especially  with  increased  surround  illumina- 
tion. The  irregularity  seen  in  the  grsph  of  Group  B was  due  to  the 
readings  for  one  individual  who  wore  his  lenses  beyond  the  four  hour 
period  despite  discomfort. 

The  results  in  the  hot  and  cold  room  again  are  similar  to  the 
above  findings  (Fig.  28).  The  findings  wete  more  extreme  but  of  the 
same  pattern. 

The  lk w pressure  chamber  findings  follow  the  same  pattern  (Fig. 
29).  The  slight,  drop  in  visual  acuity  as  seen  w the  graph  was  the 
result  of  one  individual  who  experienced  difficulty  toward  the  end  of 
the  experiment. 

Visual  acuity  tested  at  twentyfeet  after  the  removal  of  the  lenses^ 
reve  sled  that  Group  A subjects  returned  to  normal  within  four  minutes 
(Fig.  24).  The  unexpected  dr  op  in  visual  acuity  in  Group  B was  caused 
by  one  individual  whose  visionwas  frequently  batter  with  contact  lenses 
than  with  spectacles.  This  difference  is  probably  not  significant. 

The  uumbtr  of  subjects  in  Groups  A and  B was  not  equal  or  con- 
stant The  individual  tolerance  varied  considerably  from  day  to  day 
and  with  the  tc  storing  conducted.  On  an  average,  approximately  two- 
thirds  of  the  subjects  in  each  teat  fell  into  Group  A.  In  tests  in  the 
hot  room  and  with  high  target  brightness,  this  group  was  somewhat 
smaller.  Of  Group  B.  less  than  one -half  could  tolerate  tnc  lenses  for 
eight  hours.  While  the  individual  tolerance  was  variable  from  day  to 
day,  on  an  over-all  basis  the  groups  more  !r«*quently  consisted  of  the 
same  individuals. 

It  seems  apparent  that  the  corneal  lenses,  as  worn  in  this  ex- 
periment, were  poorly  tolerated.  In  all  the  tests,  approximately  one- 
third  of  the  subjects  could  tolerate  the  lenses  for  more  than  four 
hours.  Of  these,  usually  leas  than  half  could  complete  the  test  runs 
of  eight  or  fourteen  hours. 
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The  visual  performance  with  this  lcna  seemed  to  be  dependent 
upon  tolerance,  which  in  turn  was  dependent  on  ocular  irritation  and 
its  influencing  factors.  This  was  well  demonstrated  by  individuals 
in  Group  H who  comfortably  tolerated  the  lenses.  There  was  little 
reduction  in  visual  acuity,  even  after  extended  wearing  time.  An- 
other dimonitn'.ioi.'  of  this  ia  shown  in  Fig.  24,  by  Group  A where 
immediately  after  the  source  of  irritation  waa  removed,  the  vision 
returned  to  normal.  It  can  be  assumed  from  this  that  the  visual  im- 
pairment waa  not  the  rasult  of  corneal  haae,  ae  in  the  fluid  lens,  but 
was  secondary  to  the  irritation  which  resulted  in  extreme  photophobia, 
tearing,  and  spasms  of  accunurodatiaa.  Heat  and  increased  surround 
illumination  tended  to  aggravate  the  condition.  Cold  seemed  to  have 
a somewhat  beneficial  effect  in  reducing  the  subjective  ocular  irrita- 
tion. The  results  in  the  low  pressure  chamber  showed  little  sub- 
jective variation  from  normal. 

4.  Photophobia 

It  became  apparent  from  the  pilot  studies  on  visual  acuity, 
that  photophobia  frequently  became  a factor  of  considerable  influence. 
Therefore,  an  attempt  was  mads  to  evaluate  this  phenomenon.  In  the 
field  studies,  this  effect  when  noted  wae  recorded  as  a subjective 
comment,  thus  being  only  qualitative  in  nature.  However,  in  the 
labor  a tor  v an  attempt  waa  made  to  obtain  some  quantitative  measure 
of  tolerance  to  light.  The  equipment  developed  for  the  tasting  of 
vie  us  1 acuity  served  this  purpose  well,  for  with  it,  it  was  possible 
to  control  the  amount  of  light  both  at  the  target  and  in  the  surround. 

Toler  wet  to  target  and  surround  illumination,  or  point  of 
onset  of  photophobia  waa  tested  et  the  fifty  centimeter  teat  distance. 
Three  level#  ot  ti.rget  Brightness  were  considered  in  testing  surround 
light  tolerance  to  determine  the  effect,  if  any,  this  factor  produced. 
These  conformed  to  the  target  brightness  used  for  a given  day,  being 
either  one,  twelve,  or  one  hundred  foot  Lamberts.  Target  light  toler- 
ance was  tested  in  the  presence  of  no  surround  illumination. 

On  the  basis  of  workdone  by  Peterson  and  Simonson  (12), 
who  found  that  in  young  individuals  glare  had  no  effect  on  accommoda- 
tion tested  under  situations  where  ocular  irritation  was  not  present, 
it  was  felt  that  tests  conducted  at  fifty  centimeter  a would  be  valuable. 

Atypical  test  at  fifty  centimeters  was  run  as  follows.  If 
the  target  brightness  for  a given  day  was  one  foot  Lambert,  a read- 
ing of  visual  acuity  was  taken  first  with  aero  foot  candle  surround 
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illumination  to  obtain  a banal  visual  acuity.  A visual  acuity  reading 
was  defined  as  the  threshold  determination  recorded  when  the  subject 
was  able  to  answer  correctly  to  three  out  of  four  target  presentations. 
Before  further  testing,  surround  tolerance  was  determined  by  turning 
th«  variac  slov.Xy  until  the  subject  could  no  longer  "tolerate"  the  light. 
Following tr, is,  three  visual  acuity  readings  were  taken  at  each  of  the 
three  levels  of  surround  illumination- -one  hundred,  two  hundred, 
and  three  hundred  foot  candles  with  an  appropriate  light  adaptatitn 
period  of  one  minute  before  each  reading. 

After  this,  the  surround  illumination  was  reduced  to  aero 
and  again  a period  uf  one  minute  was  spent  adapting  to  a standard 
target  brightnesa  of  twelve  foot  Lamberts.  Following  this  the  variac 
was  slowly  turned  up  until  the  level  of  the  target  tolerance  was  deter- 
mined. The  entire  teat  procedure  took  approximately  six  minutes, 
and  each  subject  was  tested  eacu  hour.  Means  of  hourly  readings  of 
the  subjects  were  determined  and  plotted  against  time  after  insertion. 

Photophobia,  as  experienced  in  subjects  wearing  contact 
lenses,  apparently  can  be  the  result  of  two  factors --ocular  irritation 
and  corneal  clouding.  The  causes  of  ocular  irritation  may  be: 

l.  Improper  fitting  of  lenses,  which  causes  irritation 
to  the  cornea,  conjunctiva  or  lids. 

Z.  Chemical  irritation  from  wetting  agents,  solution,  and 
unclean  lcnsee. 

1.  Gaseous  irritation  from  smoke,  gunpowder,  etc. 

4.  Irritation  iron,  dust  and  other  foreign  bodies. 

5.  Poor  tolerance  or  inadequate  adaptation  to  contact 

lenses. 


When  corneal  clouding  causes  a sufficient  scattering  of 
light  rny’l  entering  the  eye,  there  results  s veiling  glare  which  pro- 
duces photophobia. 

From  the  result*  of  this  study,  ii  seems  apparent  that  the 
photophobia  resulting  from  ocular  irritation  is  apt  to  be  produced  by 
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light  from  any  source.  This  type  ot  photophobia  it  usually  accompa- 
nied by  varying  degrees  of  lacrimation,  pain,  blepharospasm,  and 
often  accommodative  spasm  (Ti,  14,  15).  The  photophobia,  second- 
ary to  veiling  glare  at  the  levels  tested  and  in  die  presence  of  the 
degree  corneal  clouuing  that  was  found,  was  seldom  severe  enough 
to  produce  lacrimation,  etc.  These  conditions  were  prevalent  es- 
pecially in  the  presence  of  an  extended  light  source  which  induced 
increased  scattering.  It  often  was  difficult  to  separate  the  two  pri- 
mary causes  of  photophobia  and  to  determine  the  relative  effects  of 
each.  Photophobia  when  present  without  corneal  haae  was  presumsd 
to  be  caused  by  ocular  irritation. 

SPECTACLES: 

At  the  levels  tested  for  both  target  brightness  (Fig.  30,  32,  34) 
and  surround  illumination  (Fig.  31,  .51,  35),  subjects  wearing  specta- 
cles experienced  no  photophobia  under-normal  conditions,  at  clime  tic 
extremes,  or  at  a simulated  high  altitude. 

The  levels  of  lighting  at  which  this  experiment  was  conducted 
did  not  reach  the  tolerance  level  when  spectacles  were  worn. 

FLUID  LENS: 

There  wee  a progressive  drop  in  tolerance  to  surround  illumina- 
tion when  fluid  lenses  were  worn  (Fig.  36).  The  different  levels 
produced  by  varying  the  target  brightness  had  little  apparent  effect 
on  tolerance  to  surround  illumination.  The  sHghtly  higher  last  point 
at  the  end  of  the  «raph  is  due  to  the  readings  being  taken  subsequent 
to  the  average  removal  time.  The  subjects  with  the  poorest  ;cle  ranee 
to  light  were  torccrt  to  remove  the  lenses  earlier  than  normal. 

Tolerance  to  target  brightness  with  aero  surround  illumination 
(Fig.  30)  showed  only  slight  variation  and  this  only  after  the  fourth 
hour.  This  decrease  in  tolerance  was  minims!. 

Testa  for  the  tolerance  to  iiiUTmn.tmn  m the  hot  room 

revealed  a more  rapid  and  marked  decline  than  under  normal  con- 
ditions (Fig.  37).  The  decline  in  the  cold  room  wss  not  as  great 
(Fig.  37).  In  the  low  pressure  chamber , the  findings  were  essentially 
similar  to  those  for  the  hot  room  (Fig  35).  Tsrget  tolerance  did 
not  vary  appreciably  in  either  the  hot  or  cold  rooms  (Fig.  32),  or  in 
the  low  pressure  chamber  (Fig.  34). 
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Photophobia  apparently  becomes  a problem  in  wearing  the  fluid 
lens.  From  the  time  of  insertion  of  the  fluid  lens,  there  was  a pro- 
gressive decrease  intolerance  to  surround  illumination,  while  target 
tolerance  was  relatively  unaffected  et  the  levels  tested.  It  would 
appear  that  there  v ere  two  prime  causes  far  this  decrease  in  toler- 
ance; first,  irritation,  and  second,  veiling  glare.  The  initial  photo- 
phobia was  undoubtedly  ceueed  by  mechanical  irritation  or  the  irri- 
tation of  the  solution  used  with  the  lens.  While  attempt  was  made 
always  to  use  a standard  1-1/2%  solution  of  sodium  bicarbonate,  there 
was  some  variation  from  day  to  day.  If  the  subjacts  were  careless 
and  failed  to  cleanse  their  hands  thoroughly,  especially  after  smoking, 
they  experienced  more  irritation  whan  inserting  the  lenses.  While 
the  initial  »»d  occasionally  subsequent  photophobia  might  have  been 
associated  with  the  above  caueee,  it  did  not  appear  to  be  the  main 
factor,  since  there  was  little  variation  initially  and  target  tolerance 
was  virtually  unaffected. 

Veiling  glare. therefore,  was  probably  responsible  for  e consider- 
able amount  of  the  reduced  tolerance  to  light.  Holliday  (9),  Harrison 
(10),  and  Crouch  (8).  all  have  discussed  the  effect  of  veiling  glare 
upon  visual  acuity,  comfort  and  light  adaptation.  It  waa  evident  that 
with  the  progressive  development  of  corneal  clouding,  tolerance  to 
surround  light  decreased.  The  surround,  being  an  extended  overall 
source,  produced  a marked  veiling  glare  In  the  nreeence  of  corneal 
haae,  which  was  proportional  to  the  depth  of  that  hase,  while  the 
email  target  light  source  had  little  effect  until  corneal  haae  was  ex- 
treme. The  cftect  of  the  veiling  glare  was  somewhat  comparable  to 
night  driving  with  e dirty  windshield  in  the  presence  of  bright  lights. 

The  more  mirked  photophobia,  ss  evidenced  in  the  hot  room 
with  the  fluid  lens,  was  due  to  increased  mechanical  irritation  and 
more  rapid  development  of  haae. 

DALLO  AND  LACRILENS: 

Subjects  ' earing  the  Dsllos  end  Lacrilens  revealed  very  little 
variation  in  tolerance  to  surround  illumination  at  the  various  target 
levels  tested  during  the  fourteen  hour  experimental  runs  and  under 
the  various  climatic  end  atmospheric  extremes  (Fig.  31,  33,  35). 
Photophobia  was  not  observed  in  the  target  tolerance  testing  under 
normal  and  extreme  conditions  (Fig.  30,  32,  34).  The  slight  variation 
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in  surround  tolerance  seen  under  normal  conditions  (Fig.  31)  with 
the  Dallos  lens  was  due  to  one  subject  whoae  limbal  vent  occasionally 
'became  blocked  with  mucus  after  long  hours  of  wear,  while  that  seen 
with  the  Lacrilene  (Fig.  31)  was  due  to  one  subject  who  experienced 
some  mechanical  irritation. 

Since  the  Dallon  lens  and  the  Lacrilens  were  comfortably  worn 
under  these  test  conditions  by  most  subjects  and  since  there  was  no 
evidence  of  corneal  hnae,  mechanical  irritation,  or  veiling  glare, 
photophobia  did  not  develop.  The  one  subject  who  had  mechanical 
irritation  with  the  Lacnlens  developed  photophobia  and  the  one  subject 
with  the  Dallos  lens  whose  cornea  was  improperly  aerated  because 
of  a mucus  block  probably  developed  some  corneal  haxe  and  subse- 
qunet  photophobia. 

TUOHV  LENS: 

The  .tolerance  to  surround  illumination  with  the  Tuohy  lens  re- 
vealed marked  photophobia  in  Croup  A (Fig.  38).  These  subjects 
experienced  considerable  discomfort  during  this  test.  It  appears 
from  this  graph  that  the  tolerance  to  aurr  ouad  Illumination  was  greater 
at  the  higher  levels  of  target  brightness.  However,  examination  of 
individual  readings  ■*ld  not  bear  this  out.  The  photophobia  was  pro- 
gressive with  wearing  time.  Group  A tolerance  to  target  brightness 
was  reduced  somewhat  (Fig.  30),  but  not  to  the  extent  noted  in  relation 
to  surround  (Fig.  38). 

In  Croup  B,  the  initial  drop  in  surround  tolerance  as  seen  in 
Fig.  38  was  thr  result  of  two  phenomena.  Some  subjects  who  wore 
the  lenses  irof.  than  four  hours  showed  a progressive  decrease 
In  tolerance  until  the  lenses  were  removed.  A few  subjects  had  photo- 
phobia shortly  alter  inserting  the  lenses,  which  after  a few  hours 
subsided  aud  did  not  recur  throughout  the  wearing  period.  There  was 
close  association  betweendecrease  in  surround  tolerance  and  reduction 
of  visual  acuity.  There  was  s lack  of  association  of  tolerance  to 
surround  and  level  of  target  brightness.  There  was  no  variation  in 
target  tolerance  in  Croup  B (Fig.  30). 

The  findings  in  the  hot  room  followed  s similar  pattern,  but  were 
slightly  accentuated  (Fig.  39,  32).  The  tolerance  to  surround  (Fig. 
39)  and  target  lighting  (Fig.  32)  was  good  In  the  cold  room  in  both  Croup 
A and  Group  B.  In  the  low  pressure  chamber  (Fig.  34,  33),  the  findings 
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were  essentially  the  unit  as  under  normal  conditions  for  Croup  B. 
The  findings  from  Group  A are  not  shown  on  the  graphs  since  data 
were  insufficient  and  inconsistent  due  to  the  extreme  discomfort  of 
the  subjects  during  this  test. 

The  tolerance  to  light  with  the  Tuohy  lens  was  poor.  This  was 
essentially  due  to  ocular  discomfort  which  was  the  reaultof  mechanical 
irritation  or  poor  individual  tolerance  to  the  lens.  Withrare  exception, 
even  the  subjects  who  best  tolerated  these  lenses  experienced  some 
discomfort,  especially  ia  the  first  few  hours  of  wearing.  These  diffi- 
culties were  exaggerated  in  the  hot  room  and  somewhat  alleviated  in 
the coldroom,  while  the  low  pressure  findings  were  similar  to  thosa 
under  normal  conditions. 

5.  Dark  adaptation 

It  was  hypothesised  that  the  corneal  base  would  act  as  a 
light  filter,  and  thue  would  increase  the  time  necessary  for  dark 
adaptation.  A ?•  le  silhoue  t be  Self  -Ilium  matron  Radium  Plaque  Adapto  - 
meter  (Navy  Issue) was  used  for  testing  dark  adaptation.  Light  adap- 
tation at  one  hundred  foot  candles  surround  illumination  and  one  hundred 
foot  Lamberts  target  brightness  for  one  minute  was  accomplished 
before  the  subject  entered  the  darkened  room.  When  the  subject, 
seated  five  feet  from  the  instrument,  responded  correctly  to  three 
out  of  four  rotations  of  a target  on  the  radium  plaque,  viewed  through 
a filter,  he  was  considered  dark  adapted.  Means  of  hourly  readings 
were  taken. 


With  the  exception  of  the  fluid  leas,  there  was  no  consistsnt 
variation  in  dark  adaptation  during  a period  of  eight  hours  with  the 
other  contact  let.se*  or  spectacles  (Fig.  49).  It  is  apparent  from  this 
graph  that  shortly  after  the  appearance  of  the  chromatic  halo  with  the 
fluid  lens,  the  time  required  to  dark  adept  ws*  increased. 

Dark  adaptation  was  not  appreciably  affected  by  the  wearing 
of  contact  lenses  unless  a corneal  hase  developed.  The  probable 
explanation  for  this  phenomenon  is  that  the  corneal  hase  tended  to  act 
as  a filter  which  necessitated  a more  complete  dark  adaptation  to 
perceive  a given  amount  of  light.  There  appeared  to  be  a proportional 
relationship  between  the  depth  of  hase  and  dark  adaptation  time. 
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Muscle  balance 


Although  accommodation  and  convergence  readings  were 
taken du  . ing  the  preliminary  manifest  refractions  on  the  subjects,  it 
was  decided  to  «*july  changes  in  phoria  with  contact  lens  wear.  Aipern 
(16,  17)  and  Firestone  and  Gaynes  (Id)  have  done  extensive  work  m 
this  field.  The  present  study  afforded  an  opportunity  to  check  their 
findings  for  the  particular  lenses  used.  An  American  Optical  Company 
Phorometer  was  used,  and  the  halo  identification  light  at  twenty  feet 
served  as  the  light  sow"  . Honaontal  phoria  was  taken  by  using 
rotary  prisms  and  vtrltr ' phoria  by  using  a Maddox  rod.  The  subjects 
were  taught  the  m./  *»  and  theory  of  the  phoria  tests,  and  after 
suitable  practice  tc.ok  hourly  readings  before  insertion  and  during  the 
experimental  p resentation.  This  was  done  three  times  during  each 
test  cycle,  hincc  the  volume  of  testing  was  so  great,  the  subjects 
were  pair  .-d  off  at  the  beginning  of  the  experiment  and  instructed  to 
take  readings  on  each  other  throughout  the  five  cycles.  Thus,  each 
subject  was  tested  by  the  same  man  in  all  testa  each  day.  Means  of 
hourly  readings  arc  presented. 


Phorias  tested  under  normal  conditions  revcalcl  es- 
sentially no  unusual  variation  during  the  time  the  lenses  were  worn 
(Fig.  41).  The  only  possible  exception  was  that  with  the  corneal  lent* 
in  those  individuals  whtu  tolerance  was  poor.  There  seemed  to  bv 
a slight  shift  to  esophoria  and  left  hyper  phoria  in  this  group  of  subjects. 
Phorias  tested  in  the  low  pressure  chamber  (Fig.  42)  were  much 
more  variable  and  erratic,  and  did  not  follow  a consistent  pattern. 
It  was  impractical  to  attempt  this  test  in  the  hot  or  the  cold  room. 


Aii<f»n(l6,  17),  and  Fire  a tone  and  Gaynes  (18)  reported 
significant  variation*  in  phone  or  fueional  convergence  in  contact 
leas  wearers.  This  was  not  born  out  by  the  testing  as  conducted  in 
this  laboratory.  The  unusual  esophoria  and  laft  hyperphoria  seen  in 
Fig.  41  and  42  could  be  attributed  largely  to  two  subjects,  one  of 
whom  had  an  esophoria  that  ranged  from  ten  to  fifteen  diopters  under 
normal  conditions  and  the  other  who  had  a left  hyperphoria  of  five 
diopters  which  did  not  vary.  Since  these  subjects  manifested  no 
difficulty  infusing,  itwss  notfeit  that  there  was  sufficient  justification 
to  drop  them  from  (tins  test. 


The  Tuohy  Group  A subject*  revealed  the  widest  variation 
These  subject*  experienced  collide  rafale  discomfort  from  the  Senses, 
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and  th«  general  increase  in  esophona  might  well  have  been  attributable 
to  accommodative  iqiim.  The  variation  in  vertical  phoria  was  largely 
attributable  to  the  one  individual  with  high  hyperphoria,  since  he 
experienced  difficulty  in  maintaining  fusion  with  this  lens.  The  Tuohy 
Group  readings  tended  to  be  lower  than  the  average  for  the  other 
lenses.  Ttaiscmldbe  accounted  for  by  the  fact  that  the  two  men  with 
extremely  high  phona*  were  always  represented  in  Group  A. 

The  erratic  effects  noted  in  the  low  pressure  chamber 
might  have  been  attributable  to  hypoxia  due  to  removal  of  the  maeka 
for  exceseivcly  long  periods  of  Urns  while  doing  the  tests.  MadTarland 
(19)  aad  Weaver  (20)  found  that  inherant  weakness  of  extraocular 
muscles  became  more  apparent  in  conditions  of  hypoxia.  There 
seemed  to  be  no  uniform  pattern  of  effects  that  could  be  attributable 
to  the  lenses.  Here  again  the  two  subjects  with  the  excessive  phoria 
tended  to  exaggerate  the  tendency  to  greater  esophoria  and  left  hyper- 
phoria. 

7.  Entoptic  fields 

Entoptic  field  patterns  are  essentially  shadows  of  opaque 
or  semi -opaque  objects  in  the  ocular  media.  This  phenomenon  may 
be  seen  if  parallel  light passee  through  the  eye.  In  order  to  test  this, 
a ten  power  microscope  eyepiece  is  employed.  The  rear  focal  point 
of  the  eyepiece  fells  approximately  at  the  anterior  focal  point  of  the 
eye,  thus  the  light  reaching  the  retina  will  be  parallel  and  an  entoptic 
ficldmay  be  viewed.  The  limit  of  this  field  is  the  inner  border  of  the 
iris  which  acts  as  the  aperture  atop  ior  this  system.  Finkelstein  (2) 
found  consistent  changes  in  the  pattern  of  the  entoptic  field  with  the 
development  of  base  and  halo  in  wearers  of  the  fluid  lenses.  It  was 
decided  to  dctr'>i..ine  if  entoptic  field  changes  were  developed  by  the 
wearers  of  all  contact  lenses,  or  if  these  changes  were  dependent 
only  upon  the  corneal  edema  which  developed  concurrently  with  haae. 
Readings  were  taken  hourly  after  the  appearance  of  entoptic  field 
changes. 

With  the  fluid  lens,  there  was  a gradually  progressive 
entoptic  field  change.  The  individual  findings  were  quite  consistent 
from  day  to  day  under  normal  conditions.  Under  special  conditions, 
there  was  no  consistent  variation  from  normal. 

There  were  only  occasional  entoptic  field  changes  noted 
in  scattered  instances  with  the  ot*-er  lenses.  Some  of  these  findings 
were  progressive  and  others  appeared  only  for  transient  period*. 
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spectacles  has  been  published,  ami  a final  report  (22)  will  be  published 
shortly. 


Differences  in  performance  did  exist  between  individuals 
and  contact  lenses  and  spectacles.  However,  there  was  no  set  pattern 
of  variation  for  earh  lens. 

Neither  contact  lenses  nor  spectacles  produced  a con- 
sistent variation  in  binocular  stereoptic  acuity  or  apatial  localisation; 
nor  did  one  prove  superior.  In  light  of  the  fact  that  there  were  indi- 
vidual differences  among  the  lenses  worn,  it  is  deemed  advisable  that 
personnel  performing  fine  rr aging  tasks  determine  their  normal 
binocular  acuity  and  spatial  localisation  for  the  particular  lenses  they 
may  be  wearing. 


10.  Clinical  appearance 

Throughout  the  entire  experimental  period,  continued 
observations  were  made  on  the  clinical  appearance  of  the  cornea  and 
anterior  segment.  A Bausch  and  Lomb  Universal  Slit  lamp  with  high 
and  low  power  objective*  was  used  for  these  observations. 

As  a rule,  when  the  lenses  were  worn  comfortably,  there 
was  little  evidence  of  ocular  irritation.  It  generally  was  true  through- 
out the  experimental  period  that  the  Dalles  lens  and  the  Lacnlens 
produced  little  irritation,  although  there  were  exceptions.  Rarely 
did  the  cornea  stain  with  fluorescein  even  after  extended  wearing 
periods  with  these  lenses.  Mucus  formation  with  these  lenses  was 
observed  occasionally.  When  excessive  amounts  collected  under  the 
lens,  it  frequently  was  necessary  to  remove  and  clean  the  lenses. 

Af'ti  extended  wearing  periods  with  the  fluid  lens,  the 
cornea  became  hazed  and  edematous.  Frequently  the  conjunctiva 
became  injected,  especially  in  the  circum  -corneal  region.  This  vss 
not  necessarily  accompanied  by  subjective  discomfort.  There  was  no 
corneal  staining. 

It  was  frequently  observed  after  removal  of  the  Tuohy 
lenses,  and  especially  in  the  presence  of  s ibjective  discomfort,  th  it 
the  corneal  epithelium  revealed  stippling  which  stained  superficially 
with  fluorescein.  The  location  of  the  stippled  areas  was  scattered. 
Conjunctival  injection,  tearing,  photophobia,  and  blepharospasm  were 
observed  frequently  while  the  lenses  were  being  worn. 


Wbile  amoks  and  other  chemical  irritants  produced  the 
usual  untoward  affects  in  subjects  wearing  spectacles,  these  effects 
were  greatly  intensified  in  the  presence  of  any  of  the  contact  lenses. 
This  irritation  appeared  to  be  somewhat  less  marked  with  the  fluid 
lenses  thanwith  the  other  types.  In  the  presence  of  excessive  amounts 
of  dust,  particles  were  frequently  seen  under  the  Dailos,  Lacritens, 
and  Tuohy  lenses. 

The  Dailos  and  the  Lacrilens,  as  a rule,  produced  mini- 
mal objective  ocular  change.  The  fluid  lane  produced  progressive 
conjunctival  and  corneal  change.  The  frequency  with  which  stippling 
of  the  corneal  epithelium  waa  observed  would  indicate  that  the  physio- 
logical tolerance  was  poor  for  the  Tuohy  leae  and  that  the  aubjecUve 
symptoms  were  secondary  to  dafinita  corneal  injury.  These  effects 
were  probably  mechanical  end  could  have  been  the  result  of  excessive 
friction  between  the  lens  and  cornea.  Whether  this  waa  due  to  intrinsic 
lens  design  or  poor  fit  was  undate rmined.  Some  of  the  discon. Jort, 
especially  in  the  adaptation  period,  waa  due  to  irritation  of  the  lids 
as  they  constantly  rubbed  over  the  beveled  edge  of  the  lens.  This  also 
may  have  accounted  for  the  somewhat  more  extended  adaptation  period 
for  the  Tuohy  lent. 

The  tolerance  to  any  ocular  irritant  was  greatly  reduced 
ha  the  presence  of  any  of  the  contact  lenaee  tested.  This  irritation 
was  leas  marked  with  the  fluid  lens  where  the  cornea  was  protected 
by  Tie  lane  end  fluid,  leaving  only  the  lid#  exposed  to  the  irritant. 

11.  Visual  field 

Peripheral  fields  of  vision  wers  tested  on  a Ferre* -Rand 
Perimeter,  while  spectacles  and  contact  lenses  were  worn.  A two 
n ilUme*er  white  test  object  wan  used. 

The  peripheral  f is: Id  of  vision  win  found  to  be  very  slightly 
larger  whan  contact  lenses  rather  then  spectacles  were  worn.  The 
increase  in  siae  did  not  exceed  3%  with  any  of  the  lenses. 

While  the  peripheral  visual  field  was  not  appreciably 
increased  when  contact  tenses  ere  worn,  the  effective  scope  was 
greatly  improved.  The  lenses  rotate'  with  die  eye  and  there  were  no 
frames  to  limit  the  field.  The  annoying  effects  of  aberration  due  to 
high  refractive  errors  were  not  found. 


Subjec  tive  report*  of  the  individuals  atttad  their  reaction 
to  contact  lenses  and  spectacles  while  they  were  performing  the  various 
clerical  duties  associated  with  their  laboratory  work. 


Extended  periods  of  clerical  work  or  close  work  in  general 
caused  mixed  reactions  among  tb*  subjects  and  the  different  lenses. 
The  only  variation  that  was  at  all  consistent  was  burning  and  asthenopia 
after  efew  hours  of  dose  work  by  s few  subjects,  la  the  presence  of 
ocular  irritation,  clerical  work  waa  correspondingly  more  difficult. 


One  possible  explanation  for  the  burning  sensation  after 
prolonged  close  work  is  that  with  concentration,  the  blink  reflex  that 
ia  already  reduced  when  contact  leaaea  are  worn,  is  further  decreased. 
This  allows  the  lens  to  dry  and  when  the  lid  closes  over  the  dried  lens, 
it  becomes  irritated. 


Z.  Hot  room 

Testing  in  the  hot  room  was  conducted  with  the  tempera- 
ture at + 120°  Fahrenheit  and  relative  humidity  of  35%.  The  eubjects 
remained  in  this  room  for  eight  hours  with  food  and  cool  drinks  sup- 
plied at  regular  intervals.  Time  for  development  of  halos  was  de- 
termined for  the  five  test  cycles.  It  was  possible  to  take  the  testing 
equipment  into  the  hot  room  for  two  cycles,  and  readings  were  taken 
for  color,  entoptic  field,  visual  acuity  end  photophobia,  with  target 
brightness  st  twelve  foot  Lamberts.  In  the  other  cycles,  readings 
were  taken  after  emerging  from  vhe  hot  room.  Subjective  reports 
were  submitted. 


In  general,  the  subjects  reported  greater  discomfit*  t 
with  all  lenses  in  the  hot  room.  Symptoms  of  burning,  tesring,  and 
photophobia  were  common.  Halos,  when  present,  appeared  earlier 
(Fig.  34).  Perspiration  caused  soiling  of  spectacle  lenses. 


The  explanation  for  the  reduced  tolerance  to  contact  lenses 
was  not  clear,  it  might  be  explained  that  heat  caused  vasodilation 
and  congestion  of  the  conjunctiva  which  interfered  with  the  fit  of  the 
lens.  Also,  the  generalised  discomfort  at  120°  Fahrenheit  lowered 
the  morale  and  increased  the  irritability  of  the  person  as  a whole. 
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3.  Cold  room 
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Testing  Id  the  cold  room  woe  done  at  an  ambient  temper- 
ature of  -40°  Fahrenheit,  with  and  'without  wind.  The  subjects  remained 
in  this  room  the  entire  eight  hour  period  of  tasting,  with  food  and  hot 
coffee  supplied  to  them  at  regular  periods.  The  only  instrumentation 
kept  in  the  test  room  was  the  microscope  illuminator  so  that  halo  time 
might  be  noted.  A reeding  was  taken  on  the  anomaloscope  and  phe- 
rometer  for  each  of  the  test  subjects  immediately  after  be  emerged 
from  the  cold  room.  Visual  acuity  and  photophobia  were  tested  with 
the  target  brightness  at  twalva  foot  Lamberts.  Readings  were  taken 
for  the  five  test  cycles  on  halo  time  and  for  three  cycles  on  all  other 
tsating.  Subjective  reporta  were  submitted. 

The  findings  in  the  cold  room  were,  in  many  raepects, 
the  opposite  of  those  In  the  hot  room.  Ocular  irritation  was  in  general 
greatly  reduced  with  all  lenaea.  Those  wearing  the  fluid  lens  found 
thathalos  appeared  later  than  under  normal  conditions  (FigL  5).  Visual 
acuity  m general  was  better.  Spectacles  tended  to  frost  over  in  the 
tact  chamber,  and  when  the  subject  left  the  cold  room  and  emerged 
into  the  warmer  atmosphere,  hie  spectacles  became  clouded.  Wind 
seemed  to  have  little  specific  effect. 

General  vaso -constriction  might  have  been  responsible 
for  the  greeter  wearing  comfort  in  the  cold  room. 

4.  Low  pressure  chamber 

Tests  were  conducted  at  the  Aero- Medical  Research 
Laboratory*,  Wright -Fatter eon  Air  Force  Base,  Dayton,  Ohio,  to 
determine  the  effect  of  reduction  of  atmospheric  oxygen  on  the  eyes. 
Smeleer  (1)  found  this  to  be  one  of  the  causes  of  corneal  hase.  Thus 
the  question  was  whether  the  moderate  ocular  anoxia  Experienced  at 
high  altitude  flying  would  influence  the  corneal  changes.  Another  con- 
sideration was  the  possible  effect  of  rapid  changes  of  altitude . Possible 
expulsion  of  the  lens,  change  in  bubble  air*  with  consequent  decrease 
in  visual  acuity,  and  formation  of  bubbles  under  the  fluid  lens  were 
also  considered. 

The  testing  was  divided  into  two  phases;  - sudden  decom- 
pression ; * in  extended  period  at  a simulated  altitude  of  20,  000  feet. 


* The  use  of  the  facilities  and  assistance  of  the  personnel  of  the  Aero- 
Medical  Research  Laboratory  was  greatly  appreciated. 
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Subjaettn  reports  wire  mad*  after  c«npkti«i  of  the 
aeM«A(Sicn^n«ikot*it.  Tlu  l««t  eu  aa  follow  a;  ascent  to  eight 
tteaualfaetk  one -half  minute  followed  by  explosive  decompression 
(iron  eight  thousand  feet  to  twenty -dive  thousand  feet  in  two  seconds. 
Thl*  alU.ude  was  «r  alntaiaod  for  one  miniate,  thou  gradual  descant 
tea  made  to  grcin ii  level  in  Iron  three  to  five  minute e.  Oxygen 
me  she  net  covering  the  eyes  were  worn. 

The  leases  were  worn  for  an  extended  period  at  twenty 
thouaaad  feet.  The  subject*  ctayed  in  the  low  pressure  chamber  for 
eight  hour  • while  wearing  A - 14  and  A«li«A  oxygen  snaake  with  micro- 
phone aadhendaeta.  The  following  taste  wars  coodnetad  for  three  of 
the  teat  cycles:  color  vision,  pherin,  halo  thaw,  eadopHc  field,  »ai 
a visual  acuity  and  photophobia  aeries  with  twelve  foot  T am  be  rtr  o £ 
target  brightness.  Subjective  findings  were  recorded.  Toad  and 
beverages  were  provided  periodically  during  the  Riga  bears. 

Kaoeattally,  there  was  not  a great  deal  of  variation  caused 
by  euddeu  d«  compression.  A few  a objects  reported  on  lac  re  see  In 
babble  aiae,  which  was  transient. 

Testing  at  lha  simulated  high  altitude  apparently  Aid  not 
came  aaarbo*  variations  in  any  at  the  results.  These  wearing  the 
spectacles  experienced  discomfort  from  the  tight  bead  gear  that 
pressed  upon  the  spectacle  (rent. 

BUcept  for  the  occasional  variation  in  bubble  sins,  tasting 
at  low  preaaure  revealed  nothing  unusual.  It  had  bean  anticipated 
that  direct  exposure  of  the  eyes  to  the  reduced  cnyg-.n  pressure  at 
high  altitudes  might  have  produced  seme  corneal  changes.  Although 
this  was  known  not  to  occur  in  individuals  who  were  not  wearing  contact 
leasee,  it  waa  theorised  that  with  the  nddttloaal  reduction  in  aeration 
to  the  cornea  ia thereat  with  wearing  contact  Leasee,  changes  might 
have  taken  place.  Those  did  not  occur. 

Spectacles  worn  under  headgear  of  any  nature  proved,  la 
moot  cases,  to  be  uncomfortable , especially  when  long  teat  period* 
wore  conducted. 

These  effects  wore  compared  with  fiad&aga  at  the  rela- 
tively normal  altitude  of  eevsnhuadred  and  fifty-three  feel  at  Fort 
Kaon,  Kentucky. 
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5.  Protective  factor* 


Contact  lease*,  by  thetr  position  in  the  eve , offer  * certain 
amount  ->f  protection.  Small  foreign  bodies,  mud,  rain,  etc.  , are 
kept  from  the  cornea  by  the  lenses.  The  protective  element  was  well 
demonstrated  on  two  occasions.  One  subject,  while  crawling  through 
a barbed  wire  entanglement  on  the  infiltration  course,  was  struck  in 
the  eye  with  a herb,  but  the  cornea  wee  protected.  Another  subject 
was  struck  in  the  eye  with  s buckle,  and  although  hie  plastic  lens  was 
cracked,  hie  eye  was  not  injured. 

Plastic  lenses  offer  partial  protection  againet  ultra-violet 
raye.  * Light  raye  of  approximately  4G00A  and  below  become  dangerous 
to  the  eye.  Methyl  methacrylate,  the  plastic  used  in  contact  lenses, 
filters  rays  at  a wavs  lsngth  of  3I00A,  and  below  2866A  there  is  no 
apparent  tranemiesion. 

Glaae  lenees  filter  ceaentially  ell  damaging  rays  in  the 
ultra -violet  range.  Th«  glass  contact  lens,  incovering  the  entire  globe, 
protects  againet  radiation  from  all  directions.  Spectacle*  protect 
only  the  areas  they  shield. 

Both  the  pis  e tic  and  glass  lenses  offer  protection  againet 
alpha  radiation.  **  Protection  againet  beta  radiation  ie  variable.  It 
ia  dependent  upon  the  energy  of  the  beta  particles  and  the  thickness 
of  the  lens.  Although  glass  give*  somewhat  gvsater  pi  election  than 
plastic,  due  to  the  relatively  incomplete  coverage  by  spectacle  lenses, 
protection  is  limited. 

Virtually  no  protection  is  offered  .gainst  gamma  and 
x -radiation  by  either  contact  lenses  or  spectacle o 

C.  F ie  Id  Stud  ie  s 

In  the  field  studies,  an  attempt  v as  made  to  test  th*  effects 
of  as  many  conditions  ss  possible  with  which  & member  of  the  Armed 
Forces  may  be  confronted. 


•Mr.  Raymond  R.  Hear,  Jr.  , of  this  laboratory  was  very  kind  in 
offering  his  assistance  on  this  topic. 

••Dr.  Adolph  Krebs  of  this  laboratory  was  very  kind  in  offering  hit 
assistance  on  this  topic. 
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1.  Service  firing* 

Service  firing,  or  teak  gunnery,  included  the  firing  of  a 
75  m*.  gun  and  5C  and  30  caliber  machine  guna  at  both  stationary  and 
moving  target:.  This  teat  «u  conducted  to  determine  the  eiiect  of 
the  leneee  on  sighting  end  firing,  as  well  as  the  effect  of  the  concussion 
upon  the  leases.  As  a further  test  of  concussion,  on  one  occasion  the 
men  were  placed  in  close  approximation  to  105  mm.  howitaers  that 
were  being  fired. 

DALLOS  LENS: 

Six  out  of  eeven  subjvcte  had  oo  adverse  effects.  One  subject 
had  to  remove  one  lens  because  dirt  became  lodged  between  it  and  the 
cornea. 

FLUID  LENS: 

Of  eight  subjects,  four  bad  no  significant  complaints.  Two  wsxa 
irritated  by  powder  fumes,  and  two  complained  of  photophobia  and 
burning.  With  the  development  of  haae  two  had  difficulty  sighting  on 
targets . 

LACRILENS: 

Three  of  eight  subjects  experienced  no  difficulty.  Three  com- 
plained of  burning  from  powder  fumes.  One  found  dust  and  wind 
irritating,  while  one  had  some  photophobia. 

TUOHY  L'Sl'tb: 

All  of  the  eight  subjects  experienced  discomfort  caused  by  the 
fumes  from  the  gun  powder.  Two  subjects  had  their  lenses  dislodged 
by  concussion  and  the  lenses  were  lost  in  the  field. 

SPECTACLES: 

The  eix  subjects  wearing  spectacles  experienced  difficulty  in 
using  the  sighting  device  due  to  its  construction.  Rain  spotted  the 
lenses  of  one  subject,  thus  interfering  with  hie  vision. 

•ATP  17-ioO-lA  Trainmg~Mernor*oduiTi  4Q-18T(S)  and  40-l9T(5), 

3rd  Armored  Division,  Fort  Knox,  Kentucky.  14  January  19r>2 
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In  service  firing,  the  Lacrilene  and  Dalloa  lent  proved  superior 
to  the  Fluid  and  Tuohy  lenses.  Powder  fumes  proved  irritating  t>  all 

2.  Confidence  course* 

The  confidence  course,  formerly  known  as  the  obstacle 
course,  consistco  of  a scries  of  haaards  which  were  meant  to  in- 
corporate many  of  the  essentials  of  physical  training.  It  included 
physical  activity  such  as  climbing,  swinging,  jumping,  balancing,  etc. 

DALLOS  LENS: 

Five  subjects  wearing  the  Dallos  lens  reported  the  lenses  to  be 
very  satisfactory.  No  adverse  effects  were  noted. 

V LUID  LENS: 

Of  Bin  subjects  tested,  three  reported  no  adverse  effects.  Two 
reported  annoying  photophobia  and  one  complained  that  stationary 
objects  seemed  to  jump  and  move  at  timas  when  the  subject  was 
experiencing  excessive  activity.  No  subject  reported  the  appearance 
oi  air  bubbles  as  a result  of  this  activity. 

LACRILENS: 

Of  six  subjects  tested,  all  had  satisfactory  reports. 

TUOHY  LENS: 

Of  six  subjects  tested,  two  reported  no  adverse  effects,  four 
complained  cf  a.u.oying  photophobia  end  general  ocular  discomfort. 
The  lenses  were  not  dislodged  in  any  case. 

SPECTACLES: 

Of  five  subjects  tested,  no  adverse  effects  were  noted,  however, 
special  precautions  were  required  to  prevent  dislodgment  of  spectacle 
frames. 

On  the  confidence  course,  the  Dallos  and  Lacrtlens  appeared  to 
be  superior  since  no  adverse  effects  were  noted  while  wearing  either 

lens. 

•ATP  7-i00-l.  7-701-1;  17-600-1.  17-601-1.  21-114.  Training 

Memorandum  #29T,  R,  B,  LI>H,  Hq  3rd  Armored  n.un,i(1  Knit 
Knox,  Kentucky.  6 December  I SI. 
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3.  Browning  automatic  rifle  known  distance  and  transition 
range  firing* 


Firing  w.th  the  Browning  Automatic  Rifle  wti  included 
in  1 us  studies  to  determine  the  effect  of  greater  weapon  recoil  and 
rapid  fire. 

DAL. LOS  LENS: 

Three  subjecta  experienced  no  difficulty  firing  thia  weapon.  One 
of  these  had  aomc  mucus  formation. 

FLUID  LENS: 

The  three  s-bjects  that  fired  had  mixed  reaction*  due  primarily 
to  photopaobia  and  baa*.  Thia  was  largely  dependent  upon  the  length 
of  time  that  the  lenses  were  worn  rather  than  the  actual  fie  Id  teat 
itself. 

LACRILENS: 

Of  five  subjects  tested,  none  had  any  difficulty  firing,  but  two 
had  moderate  irritation  caused  by  the  lenses. 

TUOHY  LENS: 

Four  subjects  all  complainedof  photophobia  but  had  no  symptoms 
referable  to  the  firing. 

SPECTACLES: 

Four  subjects  had  no  difficulties. 

There  "reined  to  be  no  difficulties  attributable  to  the  firing  of 
the  Browning  Automatic  Rifle  in  either  contact  lenses  or  spectacles. 

4.  Hand -to •hand  combat 


Hand -to -hand  combat  was  an  exercise  where  the  man 
was  taught  offenaiva  and  defensive  maneuvers  with  the  rifle  and  bayo- 
net. The  results  reported  here  reflect  those  phases  of  this  training 


♦ATP  7-600-1,  Training  Memorandum  #3 1 L and  change  #1,  Hq  3rd 
Armored  Division,  Fort  Knox.  Kentucky.  7 February  1952. 


nan 

iyo- 

ing 

3rd 


3b 


TUOHY  LENS: 


Six  subjects  bed  no  adverse  comments.  One  subject  found  that 
while  lving  prone,  upward  version  of  his  eyes  was  difficult. 

SPECTACi.EJ- 

No  a^verc*  comment  was  noted  by  the  six  subjects. 

Most  subjects  did  comparatively  well  on  the  problem,  which  was 
in  keeping  with  the  general  findings  that  subdued  illumination  and  cool 
outside  air  added  to  the  comfort  of  those  wearing  contact  lenses. 
(Ha me  lowered  the  visual  acuity  of  fluid  lens  wearsrs.  ) 

6.  Ml  Rifle  hnowndistance  and  assault  and  transition  firing* 

Known  distance  range  firing  of  the  U.  S.  rifle  30  caliber 
Ml  included  firing  at  fixed  targets  from  the  etanding,  kneeling  squatting 
and  prone  positions. 

The  transition  phase  cl  the  training  included  firing  the 
rifle  at  fleeting  targets  from  behind  various  protective  enclosures. 
This  required  practice  in  all  of  the  basic  positions.  In  firing  the 
assault^ range,  the  trainee  walked  up  a path  firing  instantaneously  at 
fleeting  tergete  as  he  moved. 

DALLOS  LENS: 

Of  five  subjects,  three  reported  no  difficulty.  Two  complained 
that  the  air  bubbles  in  the  lenses  interfered  somewhat  with  their 
ability  to  sigh'  the  rifle. 

FLUID  LENS: 

All  of  six  subjects  experienced  occasional  burning  and  photo* 
phobia . Two  of  these  noted  bubble  formation  during  th*  exercises. 
One  found  that  corneal  base  interfered  with  his  ability  to  sight  the 
target;  while  two  noted  excessive  mucus  'ormalion. 


•ATP  2l-ll4.~7-idCM,  7-601  -1,  17-601 -l.  Training  Memorandum 
30L,  H,  R,  and  42  basic  and  change  #1,  Hq  3d  Arm  ored  Division, 
Fori  Knox,  Kentucky,  19  March  1932. 
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LACRILENS: 

j'gy,r  0f  ueven  subject#  experienced  bo  difficulty.  Three  found 
that  aand  blowing  in  the  eye*  caused  photophobia  and  discomfort. 

TUOHY  1-W5: 

All  but  on*  of  six  subject*  experienced  photophobia  and  general 
ocular  discormort.  One  aubject  noted  momentary  fogging  of  his  lenaes 
after  firing,,  the  iun«  aubject  complained  of  occasional  bubble  for- 
mation. 

SPECTACLES: 

Two  of  six.  subjects  complainad  that  their  l*n»*»  became  spotted 
with  oil  during  the  firing.  A third  subject  had  difficulty  firing  in  the 
rain;  another  experienced  irritation  caused  by  sand  blowing  in  hi* 
eyes*  On*  complained  that  hie  epeetacle*  were  uncomfortable  when 
worn  under  hi*  helmet.  On*  had  no  difficulty. 

Th,  Dalloa  Lacriluu#  again  proved  to  be  more  siatief actor y 
in  thi*  teat.  During  uncle  mu  ut  waather,  apectadea  had  an  otoviou* 
disadvantage.  Kaaing  of  the  fluid  leu*  caused  difficulty  in  sighting 
upon  e distant  target. 

7.  Tank  driving  (day  and  night)* 


TW»«  ttXitt ciut*  ,w«r« i iaclud#d  to mctfltiti  if  th«i*«  vrould 
b#  any difficult* a encountered  while  driving  tanks  and  other  vehicle*. 
Jeeps,  halftracks,  and  light  and  medium  tank#  were  driven  with  and 
Without  tanker's  protective  goggle#. 

DALLOS  LENS: 

To  five  subject*,  dust  proved  to  b«  e serious  prrblem  Three 
aubject*  found  it  necessary  to  remove  end  clean  their  lenses.  Thi# 
situation  was  alleviated  when  goggle r were  worn.  Night  driving  added 
no  significant  problems. 

*AT PHft^OO - l7i t -b 00-1  A~  17.600 -IB,  Training  Memorandum  #60H 
section  2 and  4,  13  November  19S1,  #60-  A sections  3 and  4,  22 

January  1952,  #60-T  sections  .2  end  6,  y0  May  1952  Hq.  5d  Armored 
Division,  Fort  Knox,  Kentucky 
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FLIMD  LENS; 

For  six  subjects,  dust  Again  was  a problem.  One  subject  found 
^r*cc«.<,»ae,  vO  icnigtt  hi.  lenses.  Wind  caused  a drying  of  the  lens 
■urfac  - which  resultedin  irritation  and  photophobia.  Wherever  haze 
and  halo  were  present,  night  driving  became  hazardous.  In  one 
instance,  the  lenses  protected  the  eyes  from  flying  mud.  Goggles 
again  helped  alleviate  some  of  the  problems*. 

LACR.ILENS. 

Five  of  seven  subjects  had  no  marked  reaction,  although  da*  t 
proved  irritating.  Two  subjects  found  that  duet,  exhaust  fumes,  and 
jarring  aggravated  the  irritation  in  their  eyes.  Night  driving  added 
no  further  problems  and  goggled  eliminated  sorriv. 

TUGHY  LENS; 

Six  subjects  found  dust  very  irritating  and  they  nil  had  to  remove 
the  lenses  at  one  time  ox  another  during  the  trials.  Goggles  offered 
partial  protection. from  the  dust.  Exhaust  fumes  from  the  tank  added 
to  die  irritation.  One  subject  had  a lens  dislodged  by  the  jarring. 
Night  driving  added  no  further  problems . 

SPECTACLES: 

Of  six  subjects,  f.ior  reported  impairment  of  vision  as  a result 
of  mud  splattering  on  C r liraurt.  In  one  cut,  the  frames  were  dis- 
lodged by  this  ^erring  Goggles  fitted  poorly  over  the  spectacles  and 
caused  discomfort  The  goggle*  did  not  form  a perfect  seal,  and 
therefore  did  ,.oi  protect  the  eyes  completely  from  the  dust. 

Dust  presented  the  major  problem,  while  exhauut  fume s,  wind, 
rnud  and  jarring  were  other  pertmvnl  factor*.  Most  «f  these  were 
alleviated  by  wearing  dust  protective  goggled.  Since,  these  could  not 
be  worn  with  comfort  over  spectacles,  a better  combination  seemed 
to  be  contact  lenses  plus  goggles.  Here  again  the  Dsllctc  end  Lacriler»« 
with  goggles  seemed  to  be  superior 
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8.  Infiltration  and  close  combat* 


The  infiltration  course  prowled  mental  conditioning  for 
combat  by  creeping,  crawling,  and  negotiating  obstacles  under  fire. 
The  :*  obstae.ee*  included  barbed  wire  entanglements  with  live  machine 
gun  fire  dirrci!y  overhead.  Ground  detonations  in  cloae  a]  irox- 
imation  were  added  obstacles. 

The  close  combat  courae  waa  a simulated  attack  through 
rough  terrain  which  necessitated  running,  jumping,  climbing,  and 
crawling.  Throughout  the  'oursc  there  were  a number  of  supposed 
enemy  emplacements  toward  which  the  trainee  directed  M i rifle  fire. 

DALLOS  LENS: 

Of  five  subjects  tested,  two  had  no  difficulties.  Three  of  five 
experienced  considerable  irritation  to  their  eyes  from  sand  thrown 
about  by  the  detonations  and  it  was  necessary  for  two  of  them  to  re- 
move their  lenses  before  completing  the  courae.  One  subject  was 
undoubtedly  protected  by  his  lenses  from  probably  aericua  injury  to 
his  cornea  when  a barbed  wire  struck  him  in  the  eye.  The  concussion 
from  the  detonations  apparently  had  Intlc  effect. 

FLUID  LENS: 

Two  of  six  subjects  reported  no  difficulty.  Three  were  irritated 
to  varying  degrees  by  the  sand.  Of  the*e,  one  found  it  necessary  to 
remove  his  lenses.  One  complained  of  photophobia.  The  concussion 
apparently  had  no  effect  and  there  was  no  bubble  formation. 


LACRILTN5: 

Five  oi  seven  subjects  had  no  .rritation  or  other  difficulty.  Two 
found  the  sand  irritating.  Concussion  had  no  effect. 
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Training  Memorandum  #50  and  change  # 1 6 May  1952,  Hq  3o  Armored 

Division,  Fort  Knox,  Kentucky. 

•Close  combat:  ATI*  21 -1  ION,  7-600.  7-601,  17-600,  17-601,  Train- 
ing Memorandum  #i,  Hq  id  Armored  Division,  Fort  Knox,  Ken- 
tucky. II  June  19)1 
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TUOHY  LENS: 


Two  of  six  subjects  expressed  no  difficulty  as  a result  of  the  test. 
It  was  necessary  for  three  subjects  to  remove  their  lenses  due  to 
irritation  caused  by  sand.  One  subject  reported  that  his  lenses  be- 
came dislodged  w rule  crawling  on  his  back  under  barbed  wire,  Con- 
cussion apparently  had  little  effect. 

SPECTACLES: 

Of  the  five  subjects  participating,  only  one  reported  no  difficulty. 
Three  complained  of  impairment  of  vision  caused  by  mud,  dust,  and 
perspiration  on  the  spectacles.  One  subject  reported  that  his  specta- 
cles were  dislodged  by  the  barbed  wire. 

To  all  subjects  wearing  contact  lenses,  dust  and  sand  proved  to 
be  a great  source  of  irritation.  The  ease  with  which  the  Tuohy  lens 
could  be  dislodged  from  the  cornea  again  proved  to  be  a disadvantage. 
Spectacles,  because  of  their  relatively  vulnerable  position,  were 
easily  soiled,  dislodged,  or  broken  under  these  conditions. 

9.  Combat  in  towns* 

This  exercise  was  intended  to  train  the  individual  soldier 
in  the  proper  method  of  clearing  a village,  to  fir r accurately  and 
quickly  at  fleeting  targets  and  to  work  efficiently  as  a part  of  a team 
while  surrounded  by  the  noise  and  hazards  of  battle.  Thia  assault 
might  be  considered  as  a culmination  of  the  varied  aspects  of  basic 
training  and  included  firing  of  th*  Ml  rillc  while  exposed  to  machine 
gun  fire,  detonations,  and  smoke  screens.  The  soldier  had  to  ne- 
gotiate a numb#  " of  physical  hazards  by  climbing,  jumping,  etc. 

DALi^Oo  L—Nh' 

Of  five  subjects  tested,  three  had  no  complaints.  One  subject 
reported  minor  irritation  from  smoke  and  powder  fumes,  and  one 
experienced  doubling  of  vision  during  d-tona.ioni . 

FLUID  LENS: 

Twooffive  subjects  had  no  difficultic  s;  while  three  experienced 
burning  and  photophobia. 


•ATP  7-600,  7-601,  17-601),  17-601.  Training  Memorandum  #SZ 

L,  H,  T,  R and  change  #!,  Hq  Id  Armored  Division,  Fort  Knox,  Ken- 
tucky. 22  June  195). 
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LACRILENS: 


Pi 


Two  of  icvea  subjects  reported  no  difficulty.  Two  found  it  neces- 
sary to  remove  their  lenses  because  of  irritation  caused  by  the  smoke 
grenades.  Two  subjects  reported  some  photophobia  and  one  com- 
plained of  haze. 

rUOHY  LEI'S: 

One  of  era  subjects  experienced  no  discomfort.  Three  had  great 
discomfort  from  smoke  grenades.  Of  these  one  had  to  remove  his 
lenses.  The  others  complained  of  varying  degrees  of  burning. 

SPECTACLES: 

Of  five  subjects,  one  had  no  referable  complaints.  Three  com- 
plained of  smearing  of  their  glasses  with  perspiration,  mud,  dirt,  and 
water  from  the  detonations.  One  complained  of  irritation  from  the 
smoke. 

Smoke  grenade*  appeared  to  be  a aource  of  irritation  to  all 
subjects.  The  Dallos  and  Lacrilene  again  appeared  to  be  more  satis- 
factory. The  danger  of  spotting,  dislodgement  and  breakage  of  specta- 
cles under  such  conditions  made  them  impractical. 

10.  Gae  masks 

Spectacles  always  have  proven  to  be  a problem  when  a 
gae  mask  is  worn  because  of  the  difficulty  in  obtaining  an  atmospheric 
seal  over  the  spectacle  frame.  Therefore,  if  contact  lenses  could  be 
worn  comfortably  in  the  gas  mask  instead  of  the  special  lent  inserts 
that  are  now  required,  the  problem  would  be  simplified. 

DALLOS  LENS: 

Only  two  of  nine  subjects  tested  could  comfortably  wsar  the  lenses 
with  the  gas  mask.  Five  experienced  discomfort  as  the  result  of  the 
nosepicce  on  the  mask  causing  pressure  on  the  lower  lid.  Another 
complaint  was  that  exhaled  breath  which  circulated  around  the  eyes 
caused  irritation.  The  wearing  time  was  rather  limited. 
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FLUID  LENS: 

Only  two  of  nine  subjects  were  able  to  wear  the  fluid  lens  and 
mask  with  comfort.  The  remaining  seven  subjects  had  considerable 
discomfort  resulting  from  the  pressure  of  the  nosepiece  of  the  mask 
on  the  lower  lid.  Here  again  the  wearing  time  wit  rather  limited 


LACR1LENS: 

Two  of  eleven  subjects  were  relatively  comfortable  with  the 
Lacrilens  and  gas  mask.  Two  reported  alight  burning.  The  remainder 
complained  of  burning  and  photophobia  from  preaaure  and  heat.  Only 
abort  wearing  time  wu  poaaible. 

7UOHY  1 ENS: 

Of  ten  aubjecta,  one  reported  relative  comfort.  The  remainder 
complained  that  the  preaaure  from  the  maik  and  the  exhaled  breath 
caused  irritation.  The  wearing  time  was  limited. 

SPECTACLES: 

A tight  oeal  of  the  gae  mask  over  spectacles  was  inapoaaible. 
There  also  wan  considerable  discomfort  from  pressure  on  the  frames. 
Special  lens  insert*  are  required  in  the  maaka  for  satisfactory  uae. 

The  same  general  complaint  seemed  to  hold  throughout  these 
tests,  the  nose  piece  of  ths  gas  mask  caused  preaaure  against  the 
cheeks  and  lower  lias,  which  in  turn  pressed  against  the  lenaeo  and 
caused  irritation.  Exhaled  air  also  proved  irritating.  Apparently 
contact  Lenses  do  not  obviate  the  problem  of  the  gae  mask  and  the 
soldier  with  refractive  error.  It  is  quite  probable  however,  that  e 
slight  modification  of  the  gae  mnek  would  alleviate  the  preaaure  againet 
the  lower  lid,  which  proved  to  be  the  chief  source  of  irritation  in  the 
contact  lent  we  are  i . 

1 1.  Swimming 

Iria  teat  wee  to  determine  the  effect  on  contact  lens 
wearers  while  swimming,  bein^  submerged  under  water,  and  diving. 

DAL  LOS  LENS. 

Fiva  o i nine  subjects  reported  no  difficulty.  Three  complained 
of  transient  base  and  hals  which  prssiuiiculy  wit  due  to  the  accumu- 
lation under  the  lens  of  water  which  was  not  ifotonic  with  the  tears. 
This  condition  cleared  shortly  after  leaving  the  water.  One  com- 
plained of  slight  photophobia. 

FLUID  LENS: 

Six  of  the  ten  subjects  reported  no  adverse  effects.  Several 
reported  excellent  ui-dsrwater  vision.  Three  subjects  complained  of 
slight  burning  and  irritation,  prssumedly  due  to  the  chlorine  in  the 
water.  Ore  complained  of  extreme  photophobia  and  burning. 
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LACRXLENS: 

Four  lubjtcti  out  of  ten  hud  no  complaint*.  Two  reported  transient 
hue  and  halo.  Four  reported  increased  burning  and  irritation  from 
the  chlorine. 

TUOHY  LENS: 

Three  of  the  ten  subjects  had  no  complaints.  Five  subjects  com- 
plained of  photophobia  and  three  reported  that  the  lenses  were  dis- 
placed after  submersion  with  the  eyes  open.  One  complained  of  se- 
vere burning  and  tearing.  No  base  or  halo  was  noted. 

SPECTACLES: 

Spectacles  arc  impractical  for  swimming  for  obvious  reasons. 

I 

The  fluid  lens  seemingly  proved  the  most  satisfactory  in  this 
test.  Chlorinated  water  caused  tone  general  discomfort  by  irri- 
tating the  eyes.  The  disadvantage  that  became  apparent  in  the  venti- 
lated lens  was  the  appearance  of  lsaae  sad  halo,  probably  because  of 
the  accumulation  of  water  under  the  leas.  The  danger  of  displacement 
and  loss  of  the  cornet ' lens  was  ever  present. 

12.  Kitchen  police 

The  subjects  performed  the  routine  duty  of  kitchen  po- 
lice to  determine  whether  or  not  there  would  be  advert^  effects  while 
working  at  stoves,  steam  tables  and  dish  washing. 

I 

| DALLOS  LENS: 

Of  five  subjects,  two  experienced  no  difficulties.  One  reported 
1 doubling  of  vision,  another  mucus  formation,  and  the  last  frothing. 

FLUID  LENS: 

Six  subjects  reported  varying  degrees  of  discomfort.  Two  found 
l that  steam  caused  burning  and  discomfort,  while  base  and  chromatic 

halo  were  annoying  to  three  subjects.  The  sixth  subject  complained 
of  bubbling  and  that  the  surticee  of  the  lenses  dried  thus  causing  irri- 
| tation. 
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LACRILENS: 

Of  seven  subject*,  five  reported  no  adv^true  effects.  Two  ex- 
perienced burning  end  doubling  of  vision. 

TUOHY  LETS. 

Six  subjects  all  found  that  heat  end  steam  caused  burning,  tearing, 
and  irritation. 

SPECTACLES: 

Of  six  subjects,  all  but  one  experienced  spotting  and  fogging  of 
bis  lenses  in  the  presence  of  steam. 

Contact  lenses  appeared  to  be  superior  to  spectacles,  although 
heatand  steam  did  accantuata  the  irritation  cauaad  by  contact  lenses. 

13.  Guard  duty 

The  men  stood  routine  watch,  two  hours  on  and  four  hour  a 
off,  for  twenty -four  hours.  They  wore  the  lenses  while  on  duty,  but 
were  allowed  to  remove  them  if  they  so  desired  when  not  stand, ng 
guard. 

DALIX3S  LENS: 

Five  subjects  bad  no  serious  complaints.  Two  experienced  a 
slight  burning  sensation  in  the  eyes  and  one  other  complained  of  the 
formation  of  mucus  under  his  lenses. 

FLUID  LENS: 

Six  subjects  all  reported  increasing  irritation  caused  by  the  re- 
peated insertion  end  removal  of  the  lenses.  One  reported  photophobia. 
The  lenses  ware  not  worn  long  enough  for  c.  *neal  base  to  become  a 
facto: . 

LACRILENS: 

Of  seven  subjects,  five  reported  no  difficulty.  One  complained 
of  photophobia  end  one  had  irritation  from  the  repeated  re -insertion 
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TUOHY  LENS: 
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Six  subjects  were  tested  end  of  these,  four  complained  of  in- 
creasing irritation  upon  each  successive  re -insertion  of  the  lenses. 
This  was  especially  evident  when  the  lenses  were  inserted  immediately 
alter  waking.  . Cre  complained  of  photophobia  during  the  day,  but  was 
comfortable  during  the  night  watch.  One  subject  was  comfortable  m 
the  cool  outdoor  air,  but  experienced  difficulty  upon  entering  heated 
buildings. 

SPECTACLES: 

Six  subjects  had  no  adverse  comments. 

Repeated  insertion  and  removal  of  any  contact  lena  caused  irri- 
tation to  the  wearers.  This  was  less  apparent  with  the  Dallos  and 
Lacrilens,  and  more  noticeable  with  the  fluid  and  the  Tuohy  lena. 
Con  tact  lenses  are  not  recommended  for  wear  while  sleeping  as  they 
produce  irritation  and  halting  of  vision.  Spectacles  apparently  are 
advantageous  to  the  guard  except  under  certain  conditions  of  adverse 
weather  such  as  rain,  extreme  cold,  and  snow. 

14.  Parachute  jumping* 

Wearing  a parachute  harness,  the  subjects  jumped  from 
a thirty-four  foot  mock-up  tower  and  experienced  a free  fall  of  ap- 
proximately twelve  feet,  after  which  their  descent  was  broken  with 
considerable  force  as  the  riaere  took  up  the  slack  in  their  harness. 
They  were  the-'  guided  to  earth  by  gradual  descent  on  a cable  (23). 

DALLOS  LENS: 

There  were  no  adverse  effects  noted  by  five  subjects. 

FLUID  LENS: 

There  were  no  adverse  effects  noted  by  six  subjects.  No  air 
bubbles  were  produced  by  the  jar. 

LACRILENS: 

No  adverse  effects  were  noted  by  six  subjects.  One  subject, 
while  removing  the  harness,  was  struck,  in  the  eye  by  a buckle,  anr? 

•This  test  was  performed  through  the  cooperation  of  the  C?  stiff 
section  of  the  I 1th  Airborne  Oivn  or.  at  Fort  Campbell,  Kentucky 
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noticed  afterward  when  removing  the  lena  that  it  was  cracked,  This 
waa  undoubtedly  the  rcault  of  the  blow,  and  may  have  protected  the 
eye  from  serious  damage. 

* JOHY  LEf1  S. 

No  adverse  effects  were  noted  by  sight  subjects.  None  of  the 
lenses  were  displaced  from  the  cornea. 

SPECTACLES; 

No  adverse  effects  were  noted  by  1'ive  subjects,  although  special 
precautions  had  to  be  taken  to  prevent  dislodgment  of  the  spectacle 
frames. 

No  adverse  effects  were  noted  with  any  of  the  contact  lenses.  No 
one  lens  appeared  to  be  superior  in  this  test.  Special  precautions 
were  required  for  spectacles. 

TV.  GENERAL  DISCUSSION  AND  CONCLUSIONS 

A.  Advantages  of  Contact  Lenses 

Judging  from  the  studies  conducted  at  this  laboratory,  the 
performance  of  contact  lenses  waa  for  the  most  part  satisfactory . 
Their  srs,  ni  course,  certain  drawbacks  and  disadvantages,  just  as 
there  are  with  spectacles.  It  also  is  apparent  that  there  is  wide  vari- 
ation ill  performance  of  the  different  types  of  contact  leasts. 

Contact  lenses  offer  numerous  advantages  over  spectacles 
to  the  military.  One  of  the  loremost  of  these  ia  their  performance  in 
inclement  weather.  Rain,  snow,  mud,  etc  , which  may  interfere  with 
vision  in  those  wearing  spectacles,  cease  to  be  s problem  when  contact 
lenses  are  worn.  In  extreme  cold,  specta~le  lenses  often  frost  over, 
and  steam  up  when  passing  from  cold  to  warm  atmosphere.  In  extreme 
hast,  spectacles  become  spotted  with  perspiration,  but  this  dost  not 
occur  with  contact  lenses.  Most  head  gear  aid  sighting  devices  sre 
so  constructed  that  they  are  not  completely  adaptable  to  the  individual 
needs  of  the  spectacle  wearer.  The  gas  mask  always  has  presented 
a problem;  special  lens  inserts  are  required  fur  individuals  requiring 
visual  correction.  These  problems  arc  for  the  most  part  alleviated 
if  contact  lenses  are  substituted  . However,  the  gjs  mask  in  its  prt  sent 
cons'.t  uciion cannot  be  comfortably  tolerated  tor  extended  periods  b, 
most  individuals  wearing  contact  lenses  The  mask  creates  an  upward 
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pressure  on  the  lower  lid*  which  in  turn  press  upon  the  contact 
lenses  and  created  ocular  irritation.  Modification  of  the  construction 
of  the  gas  mask  might  alleviate  this  problem. 

The  advantage  of  the  contact  lens  in  swimming  is  obvious 
since  spectacles  cannot  be  worn. 

In  field  requirements,  where  the  individual  may  undergo  ex- 
treme physical  activity,  jolting,  jarring,  and  exposure  to  varied  ma- 
terial obstacles,  spectacles  are  at  a disadvantage  because  of  their 
vulnerable  position.  They  aie  easily  dislodged  and  broken.  Contact 
lenses  not  only  temper  these  problems,  thsy  also  offer  further  pro- 
tection to  the  eye.  They  also  reduce  the  mental  concern  that  the  specta- 
cle wearer  naturally  exhibits  in  the  face  of  physical  obstacles. 

In  the  presence  of  bright  light,  there  may  be  reflections  from 
the  anterior  surface  of  spectacle  lenses  which  may  reveal  hidden  po- 
sitions to  the  enemy.  This  does  not  occur  with  contact  leasee. 

The  protection  that  contact  leases  offer  to  the  eye  cannot  be 
overlooked.  Not  only  do  they  protect  against  foreign  bodies  and  direct 
trauma,  they  also  proffer  varying  degrees  of  protection  against  harmful 
radiation.  This  variation  is  dependent  partly  upon  the  material  used 
in  the  fabrication  of  the  contact  Ismii. 

Visual  acuity  in  certain  pathological  conditions  of  the  cornea, 
such  as  kcratoconus.  irregular  astigmatism,  etc. , is  much  greater 
with  contact  lenses  than  with  spectacles  since  they  essentially  form  a 
new  corneal  sui  face. 

The  visual  limitations  that  spectacle  frames  create  and  the 
aberrations  existing  in  high  power  lenses  ere  eliminated  when  contact 
lenses  are  employed. 

Generally  speaking,  the  advantages  offered  by  contact  lenses 
to  the  military  are  most  pronounced  for  the  field  soldier. 

B.  Disadvantages  of  Contact  Lenses 

The  most  outstanding  disadvantages  of  contact  lenses  at  the 
present  time  are  the  cost,  the  time,  and  the  skill  required  for  fitting. 
These  limitations  stem  from  the  necessity  for  individual  processing 
that  '.he  current  techniques  require.  It  is  anticipated  that,  in  view  of 
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constant  effort*  of  the  manufacturer *,  technique*  will  continue  io 
improve  with  time . The  time  required  for  adaptation  varies  with  the 
individual  and  the  lens  being  worn. 

The  necisaity  for  accessory  fluids  associated  with  contact 
lenses  is  another  problem.  Although  the  newer  types  of  fluidless 
lenses  have  eliminated  the  problem  of  contact  lene  fluid,  a wetting 
agent  still  is  required  with  the  plastic  lens.  Glass  lenses  do  not 
require  the  use  of  wetting  agents.  As  piestic  lenses  are  worn,  they 
become  less  difficult  to  wet.  The  solutions  used  of  course  should  be 
kept  relatively  sterile  and  both  the  lenses  and  hands  of  the  individual 
wearer  must  be  clean  at  the  time  of  insertion.  This  might  present 
a serious  problem  in  the  field.  Although  some  fitters  recommend 
saliva  as  a wetting  agent,  the  potential  dangers  of  infection  hardly 
warrant  its  use. 

Because  of  the  small  sixe  of  contact  lenses,  they  ar#  easily 
lost,  or  might  conceivably  be  misplaced  by  the  individual  seeking  to 
avoid  responsibility.  The  plastic  lens  is  relativsly  unbrtakable,  but 
the  glass  lens  might  easily  be  broken  in  handling.  There  is  rslatively 
little  danger  of  breakage  at  the  lensee  while  being  worn,  but  if  they 
should  be  broken  there  might  well  be  serious  damage  to  the  eye.  The 
effects  of  ocular  irritants  arc  intensified  when  contact  lenses  are 
worn.  Irritating  gases,  smoke,  dust,  and  even  light  tend  to  produce 
greater  irritation  than  normal,  especially  if  the  lenses  themselves 
sre  at  all  uncomfortable. 

While  infections  of  the  eye  were  rarely  encountered  during 
the  experimental  trials  reported  here,  contact  lenses  present  a po- 
tential sw.irt*  ocular  infection 

Duplication  of  the  lenses  presents  a variable  problem  that 
depends  upon  the  manufacturers  technique. 

These  disadvantages  are  of  varying  importance  depending 
mainly  upon  the  type  of  lens  and  the  situation  that  confronts  the  in- 
dividual. It  may  be  said  that  contact  lenses  cannot  be  fitted  to  any 
individual  who  does  not  have  motivation  or  a desire  to  wear  the  lenses. 
If  this  is  'acking,  the  individual  may  in  innumerable  ways  foil  the 
fitter,  retard  adaptation,  and  dispose  of  or  mutilate  the  lenses.  Thun 
it  may  be  hypothesised  that  many  personnel  might  object  to  being 
fitted  if  as  a result  of  adequate  fitting  they  weie  to  be  transferred 
from  a relatively  protected  job  to  battlefield  duty 
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C.  Discussion  of  the  Contact  Lenses  Tested 


When  the  four  contact  lenses  that  were  studied  in  this  ex- 
periment are  compared,  it  becomes  quite  evident  that  the  performance 
of  two  was  far  superior.  Each  lens  has  its  own  place  and  must  be 
considered  for  its  relative  value.  There  are  instances  'where  one 
lens  alone  may  be  superior  to  the  others,  but  in  the  overau  analysis 
of  the  results  of  the  present  trials,  the  Dallas  and  Lacrilena  proved 
superior. 


1.  Flui.l  leas 


The  advantages  of  the  fluid  lens  are: 

Relative  case  of  fitting. 

Short  period  of  adaptation. 

Less  susceptible  to  external  irritants. 

Good  while  swimming. 

Preferable  with  corneal  pathology. 

Relatively  unbreakable. 

Protects  against  foreign  bodies. 

The  disadvantages  of  the  fluid  lens  are: 

The  development  of  progressive  corneal  clouding 
and  edema  produce: 

a.  Ha ay  or  fogged  subjective  vision. 

b.  Chromatic  hale  about  lights. 

c.  Drop  in  visusl  acuity,  marked. 

d.  Photophobia. 

e.  Increased  dark  adaptation  period. 

f.  Development  of  entoptic  field  changes. 

g.  Limited  practical  rearing  time. 

Only  limited  protection  against  radiation. 

Requires  contact  lens  fluid  as  well  as  s wetting  agent. 
Period  of  poor  vision  after  removal. 

Plastic  becomes  scratched  after  use. 

It  was  felt  that  with  the  fluid  lens  the  disadvantages 
far  outweighed  the  advantages,  tlms  making  them  of  limited  practical 

use. 
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Cornell  lens 

Advantages  of  the  Tuohy  corneal  lens  are: 

Relative  ease  oi  fitting  ami  reduplication. 
Relatively  unbreakable. 

Race  development  of  corneal  clouding  and  edr.ma. 
Only  solution  necessary  is  wetting  agent. 
Sxtended  wearing  time  when  leneee  comfortably 
tolerated. 

Corneal  pro  tection  from  foreign  bodies. 


Disadvantages  of  the  Tuohy  corneal  lens  are: 

Liong  period  of  adaptation  raquirad. 

Jolts  and  jars  tend  to  displace  the  lens. 

Small  siae  Ions  is  sasiiy  lost,  especially  while 

swimming. 

Left  and  right  lens  easily  confused. 

Ocular  irritants  result  in  exaggerated  discomfort. 

Produces  frequent  corneal  injury  which  results  in: 

a.  Drop  in  visual  acuity. 

b.  Extreme  photophobia. 

c.  Poor  fusion. 

Limits  wearing  time  end  individual  efficiency. 

Only  limited  protection  against  radiation. 

Plastic  becomes  scratched  with  use. 

Produces  lid  irritation. 

To  evaluate  the  Tuohy  corneal  lena  presents  a difficult 
problem.  Sli  ce,  the  quality  of  the  fit  may  be  the  cause  of  the  frequent 
corneal  injury  thn  was  observed,  it  was  decided  to  ignore  this  end 
judge  the  Line  on  its  overall  performance.  The  mere  fact  that  this 
lane  is  so  small  and  sasiiy  dislodgsd  and  lost  makes  it  impractical  for 
general  field  use  by  the  Armed  Forces.  The  disadvantages  seemed 
to  outweigh  the  advantages. 
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Lacrilen* 


Advantages  of  the  Lac ri lens  are: 


amort  period  of  adaptation. 
Good  while  swimming. 
Relatively  unbreakable  . 


Rare  development  of  corneal  clouding  and  edema 
On' y solution  required  is  a wetting  agent. 

Difficult  to  dislodge. 

Extended  wearing  period  with  comfort. 

Photophobia  is  not  marked  and  vision  is  good. 
Protection  from  foreign  bodies. 

Disadvantages  of  the  Lacrilcns  are: 

Long  and  difficult  fitting  period  required. 
Reduplication  difficult. 

Ocular  irritants  result  in  discomfort. 

Plastic  becomes  scsatched  with  use. 

Only  limited  protection  against  harmful  radiation. 

The  main  disadvantages'  of  the  Lacrilene  involve  the 
fitting  of  the  lens.  It  is  felt  that  in  time  and  with  continued  study, 
these  will  be  overcome.  Thus  this  lens  proved  to  be  superior. 

4.  Dalloe  lens 

Advantages  of  the  Dallos  lens  are: 

Short  period  of  adaptation. 

Good  while  swimming. 

Rare  development  of  corneal  clouding  and  edema. 
No  solution  is  required. 

Difficult  to  dislodge . 

Extended  wearing  period  with  comfort. 

Photophobia  is  not  marked  and  vision  is  good 
Good  protection  against  most  harmful  radiation. 
Retains  polish  of  surfaces. 

Easily  reduplicated. 

Protection  from  foreign  bodies. 

Disadvantages  of  the  Dallos  lens  are: 

Easily  broken. 

Extremely  long  and  difficult  fitting  period. 

Ocular  irritants  result  in  discomfort. 

Mucus  frequently  plugs  vent. 

The  main  disadvantage  a ot  me  Lialloa  tens  are  the  iium 
time  and  the  case  with  which  the  lens  is  broke  n during  handli  ng  Wit 
these  exceptions,  the  lens  m>iat  be  considered  superior 
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The  over  all  performance  of  the  Dalloa  and  Luc  rile  ns  #tg 
comparable.  The  Lacrtleas,  while  its  fitting  period  was  prolonged 
took  less  time  to  fit  than  the  Dallos.  Fur  the  tti.oxz , the  Laoriletae, 
being  elastic,  is  not  so  easily  broken.  The  Dallos  leas  on  the  other 
hand,  oeing  rn»d«  of  glass,  require*  no  wetting  a^eat,  and  it  is  more 
cosily  duplicated.  While  the  actual  construction  ai  the  two  lonses  is 
quit*  different,  it  is  felt  that  the  principle  cf  fitting  that  allows  for 
aeration  id  the  cornea  and  .a  constant  flow  of  lacrimal  fluid  accounts 
for  their  superiority.  The  Tuohy  corneal  lens  also  permits  oxygen- 
ation of  the  coruea  and  tear  flow  but  it  baa  other  qualities  that  soem 
to  make  its  overall  application  limited1  As  long  as  these  principles 
arc  observed,  it  is  very  likely  that  in  the  future  a simpler  technique 
of  fitting  may  be  devised.  The  Dallos  lens  might  easily  be  fitted  in 
plastic  as  ta  done  by  Sarwar  at  Oxford,  England  (24).  If  a finely 
fitted  plastic  lens  could  be  coated  with  silicon,  many  advantages  might 
be  accrued.  The  relative  freedom  from  breakage  of  plastic  would  be 
retained  while  scratching  would  be  reduced.  Tine  wetting  agent  would 
be  eliminated  and  a somewhat  greater  protection  against  harmful 
rays  might  be  possible. 

Since  i-ucto  a process  is  not  yet  available,  it  is  difficult 
to  claun  superiority  for  either  plastic  or  glass.  In  view  of  ali  the 
accumulated  evidence,  the  type  of  contact  lens  best  suited  to  general 
military  application  is  a comfortably  fitted,  vented,  corneal -sclc-al 
lens,  which  provide  • for  cornsiil  aeration  and  for  a continual  tear  flow. 

5.  Spectacles 

In  'he  discuSvion  of  spectacles  and  comae'  lsnses  pre- 
sented herein,  emphasis  is  placed  upon  the  problems  of  the  military 
rathe i than  those  of  the  civilian,  for  example,  breakage  of  lenses 
on  the  battlefield  would  present  s major  problem  since  the  nearest 
Available  repair  or  replacement  may  be  many  miles  away.  The  cos- 
metic factor  of  contact  lenses  has  not  been  discussed  becauue  it  is 
not  a pci ul  of  major  military  concern.  Consequently  in  (lifting  the 
advantage  & *»vd  disadvantages  of  spectacles,  the  problems  of  the  field 
soldier  arc  of  prime  importance. 

The  advantages  of  spectacles  are: 

Relative  eses  rf  fitting  and  reduplication. 

Relative  l-.v  cost. 

Manv  trained  fitters  available 


Protection  against,  harmful  radiation  within  the  limit*, 
of  their  extent  ' s offered. 

• Short  period  of  adaptation. 

Do  ::ot  vary  the  effect  of  ocular  irritants, 
r >o  not  cause  photophobia. 

\'o  development  of  corneal  clouding  or  edema. 

Dc  not  require  accessory  solutions. 

There  is  no  limit  upon  wearing  time. 

Partial  foreign  body  protection. 

Disadvantages  c i spectacles  ore; 

Impractical  while  a wxrnming. 

Surfaces  may  be  scratched  due  to  exposed  position. 
Way  be  dislodged  when  individual  is  jarred,  or  jolted. 
Easily  broken. 

« ittiort  m^y  be  poor  in  rain,  snow,  rwud,  etc. 

Tend  to  frost  over  in  the  cold  and  steam  jp  upon 
entering  a warm  atmosphere. 

Per ^piiation  tends  to  spor  the  leones  in  extremes  oi 
heat. 

Most  headgMiar  is  not  made  to  accommodate  specta- 
cles, tkeiafcre  they  cause  discomfort. 

Many  sighting  dev  ice  t*  do  nol provide  l or  efficient  use 

■»f  ay setae lea. 

Tend  to  create  a mental  block  while  engaged  on  active 
duly. 

Danger  of  ocular  injury  when  broken. 

Reflect  light  possibly  revealing  position. 

Gas  masks  require  special  inserts. 

A number  of  refractive  conditions  »rc  not  adequately 
corrected  by  spectacles. 

V,  SUMMARY 

A comparative  utudy  of  four  types  contact  lenses  and  spectacles 
was  condiictad  todetc  ririinr  the  rclaiivt  merits  of  each  ami  tin  possible 
application  for  these  lenses  in  the  Armed  Forces.  Ten  selected  en- 
listed men  ware  fittes?  by  professional  fitters  with  each  of  the  four 
le  oses  and  tests  were  conducted  both  in  the  laboratory  and  in  the  lie  Id. 

Sn  tha  studies  carried  out  at  thiu  laboratory,  the  fluid  lens,  venti- 
lated lens  proved  far  superior  it,-  cither  the  fluid  or  corneii  type*  Th«* 
plastic  lens  offers  greater  protection  of  the  eye  since  it  ;*  not  as 
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easily  brtke n.  The  greatest  disadvantage  to  plastic  stems  from  its 
poor  wetting  properties. 

The  cost  of  contact  lenses  and  the  tune  required  for  fitting  limit 
their  application  m the  Armed  Forces.  While  they  are  in  many  ways 
superior  to  spectacle*.  the  limitations  do  outweigh  the  advantages  for 
the  average  serviceman.  In  view  of  the  many  advantages  and  disad- 
vantages of  spectacle* . no  blanket  approval  or  disapproval  of  contact 
lenses  may  be  made.  In  the  many  cases  of  clerical  and  routine  duty 
where  neither  spectacled  nor  contact  lenses  show  to  particular  ad- 
vantage, spectacles  must  be  considered  superior.  It  is  apparent  that 
contact  lenses  proire  to  be  superior  in  many  phases  of  the  study  as 
conducted  by  this  laboratory. 

VI.  RECOMMENDATIONS 

A.  Study  should  be  encouraged  to  improve  the  fitting  technique 
and  thereby  simplify  it  nnd  reduce  the  time  required. 

B A technique  for  hardening  or  coating  plastic  with  silicon  or 
like  substance  to  eliminate  the  necessity  for  wetting  agents  would  be 
of  u e me ndo vs  value  and  studies  along  these  lines  should  be  encouraged. 

C.  The  number  of  individuals  skilled  in  the  technique  (if  fitting 
the  newer  types  of  contact  lenses  is  extremely  limited,  and  if  the  Army 
accepts  th-itn,  a limited  number  of  long  term  personnel  should  be 
schooled  to  do  the  fittings.  Should  the  demand  increase,  these  trained 
individuals  could  serve  as  * nucleus  for  the  training  of  additional 
fitters . 

D.  Contact  lenses  can  be  recommended  for: 

l.  Personnel  who  are  extreme  ly  valuable  to  the  Armed  Forces 
because  of  their  skill,  training,  end  experien  ce  and  whose  visual  acuity, 
with  the  usual  visual  aids,  is  not  adequate  to  meet  the  requirements 
but  may  jt  with  contact  lenses.  Such  eye  conditions  as  high  myopia, 
high  astigmatism,  irregular  astigmatism,  corneal  leukomata,  fccrato- 
conus,  aphakia,  etc.  , are  frequently  adequately  corrected  with  contact 
lenses. 


2.  Another  group  w liV  HI  ight  Oc  regained  or  made  available 
on  the  basi'-  of  adequate  correction  by  contact  lenses  but  are  otherwise 
lost  to  the  services  are  those  with  injuries  to  the  lace  and  lids  tha* 
result  in  lagophthalnius , ectropian,  corneal  exposure,  etc 
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3.  Personnel  requiring  visual  correction  whose  field  efficiency 
might  be  enhanced  greatly  if  contact  lenses  were  substituted  for  specta- 
cles. Due  to  the  aforementioned  limitations  of  contact  ienses,  they 
should  be  restricted  to  outstanding  individuals  or  situations  such  iwi 
Arctic  duty,  divers,  "Frogmen",  etc. 
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